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I. INrropucrory. 
(1) Origin of the Investigation. 

THE advantages of ascertaining the milk yield and of determining the 
quality of milk, together with the recording of the same in a systematic 
manner, have been recognised in this country for many years. The first attempt 
at systematic recording was made under the auspices of the Highland and 
Agricultural Society of Scotland in 1903. Milk recording was fostered and en- 
couraged by the Society, and several interesting reports, prepared by the late 
Mr John Spier, Newton, Ayrshire, appeared annually in the Transactions up to 
1908. Towards the end of 1907 the Society thought it desirable that the work of 
recording should be more directly in the hands of the dairy farmers themselves, 
and accordingly the work was transferred to a body called “The Ayrshire Cattle 


Milk Records Committee,” under whose supervision the tests were conducted for 


several years. In 1910, the name of the Committee was altered to “The Scottish 
Milk Records Committee,” and finally, on the 28th February, 1914, at a meeting | 
held in Kilmarnock, the administration of milk recording in Scotland was formally 

taken over by a newly created body designated “The Scottish Milk Records 


Association.” This body now consists of over forty local societies, and during 
1926 made observations upon 29,236 dairy cows. Milk recording in a systematic 
manner has thus been in existence in Scotland for the past 24 years and, up to 
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1926, observations had been made and recorded on 417,739 cows. The suggestion 
that valuable scientific results might be obtained by a systematic analysis of these 
records was first made by the late Dr C. M. Douglas, C.B., of Auchlochan, at an 
ordinary meeting of the governing body of the West of Scotland College of Agri- 
culture held in Glasgow on 30th June, 1913. The Governors favourably considered 
the proposal, and it was forthwith agreed to make an application to the Develop- 
ment Commissioners for a grant to meet the cost of a statistical analysis during 
1913-14, The application was duly made through the Scottish Board of Agriculture, 
and in August of the same year the Board replied that they were prepared, on the 
recommendation of the Advisory Committee on Agricultural Science, to make a 
grant not exceeding £200 for the ensuing year, Soon after this a special committee 
was appointed to carry out the decision of the governing body. The writer was 
appointed by this committee to conduct a statistical investigation of the data and 
in particular to examine the data for the purpose of elucidating the following points, 
namely: 


I. Relation of quantity and quality, butter fat ratios for yields of five hundred 
gallons, six hundred gallons, seven hundred gallons, eight hundred gallons, nine 
hundred gallons, and one thousand gallons and over. 


Il. Relation of quantity and quality to age of cow; average of (a) butter fat 
ratio, (b) quantity of yields of cows aged respectively two years, three years, four 
years, five years, six years, seven years, eight years, nine years, ten years, and over 
ten years. 

II. Relation of yield to date of calving, average yields of cows calving in each 
month of the year. 


[V. Comparison of selected districts of (a) quantity and (b) butter fat ratio *. 


V. Another point bearing on the influence of sire and dam respectively upon 
lactation was included in the reference, but owing to the magnitude of the foregoing 
was, later on, omitted from the present investigation. 

It was understood that, while attempting to answer the foregoing questions, the 
writer was left free to attack from time to time such problems as appeared to him 
necessary from the nature of the data. 

The writer desires to express his indebtedness to the Board of Agriculture for 
Scotland for meeting part of the cost of the investigation by grants from the 
Development Commissioners. I have had the valuable assistance in the collation 
and analysis of the data, of successive workers in my laboratory in the following 
order, namely, Mr George Rae, B.Sc.; Dr W. O. Kermack; Mr J. 8. Thomson, M.A., 
B.Se.; Miss Clara Esslemont; Mr A. B. Thomson, M.A.; and Miss M. H. Anderson, 
B.Sc. I have also to acknowledge the able assistance throughout the investigation 
of Mr John E. Ritchie, M.A., B.Sc., F.LC., of my analytical staff. 

* The results of the analysis of the data with respect to districts are given in the Transactions of the 
Highland and Agricultural Society of Scotland, 1919. Investigation into the milk yield of Ayrshire cows, 


pp. 237-56. Only classes I and II were studied. 
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(2) The Records for 1911 and 1912. 

The Committee supplied from time to time the Records of the Association for 
the years 1908 to 1912. Each farm, although not named in the records, was 
indicated by a number, as was also each individual cow in the herd. The observa- 
tions made on each cow and noted in the records were found to be as follows: 

(i) Estimated Total Quantity of Milk in gallons for the entire Lactation 
Period. 
(ii) Average percentage of Butter Fat yielded during the Lactation Period. 

(iii) Length of Lactation Period in weeks. 

(iv) Age of Cow in years. 

(v) Date of Calving (beginning of record), 

(vi) Date of second Calving (beginning of next record). 

(vii) Remarks. 

It was found that the records could be divided into three classes according to 
their degrees of completeness, namely : 


of 


(a) Cases in which dates of birth of calves were given both at opening 


lactation period and its close (i.e., beginning of next lactation period). 

(b) Cases giving a lactation period but lacking in the date of second 
calving. 

(c) Cases of evidently incomplete lactation periods. 


After a preliminary examination of the entire data submitted to the writer, a 
report was submitted to the Committee. Instructions were then given by the 
Committee to use, in the complete statistical analysis, only those records which 
were complete in every way for the purpose of the investigation, namely, those 
contained in Class (a) above. It was also decided to confine the present research to 
the records belonging to the years 1911 and 1912. 

Cows were found to be classified by the local Recording Societies constituting 
the Association into the following six classes*: 

I. Cows yielding over 2500 gallons of milk calculated as containing one per 
cent. of butter fat = 250 pounds. 

II. Heifers yielding over 2000 gallons of milk calculated as containing one per 
cent. of butter fat = 200 pounds. 

IIT. Cows yielding under 1660 gallons of milk calculated as containing one per 
cent. of butter fat = 166 pounds. 

[V. Heifers yielding under 1330 gallons of milk calculated as containing one 
per cent. of butter fat = 133 pounds. 

* The Scottish Milk Records Association from 1924 onwards prints a Register of Class I Cows, 
Class I being now defined as cows with a milk yield equivalent to not less than 2800 gallons containing 


one per cent. of fat, equal to 280 pounds, the corresponding figure for heifers being 2240 gallons, equal 
to 224 pounds. 
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V. Cows yielding between 1660 and 2500 gallons of milk calculated as con- 
taining one per cent. of butter fat. 


VI. Heifers yielding between 1330 and 2000 gallons of milk calculated as 
containing one per cent. of butter fat. 


It will be useful at this stage to give a brief description of the methods 
employed by the officials of the Association in collecting the data. The work of 
noting the quantities of morning and evening milk and the percentages of butter 
fat daily obtained from each cow, and the relative expense, were so great as to 
preclude the Milk Records Association from making daily records. The morning 
and evening milk of each cow in each herd was tested at intervals ranging from 
14 to 28 days. The operation was repeated after an interval of about fourteen days. 
The yield of milk and the percentage of butter fat yielded by each cow in the 
interval were assumed to be those given on the date of the previous test. The unit 
employed was that which reckoned the yields in terms of gallons of milk containing 
one per cent. of butter fat. This really amounted to recording the total amount of 
butter fat yielded by each cow during the specified interval, the yield being based 
upon one determination of butter fat and one determination of yield of milk during 
that interval. The milk was weighed and recorded in pounds, and in the records 
the term “gallon” is applied to the weight of ten pounds of milk, and has therefore 
a special meaning, and is not the usual gallon measure. As an example of recording, 
suppose thirty pounds was the yield of milk from one cow ona particular date and 
that this cow was again tested after an interval of fourteen days. Suppose also that 
the milk from this cow was found to contain 3°5 per cent. of butter fat. The recorder 
converted the thirty pounds of milk containing 3°5 per cent. of butter fat into 
pounds of milk containing one per cent. of butter fat, or 30 x 3°5=105 pounds 
of milk one per cent. quality. The recorder then multiplied the pounds of milk 
of one per cent. quality—one day’s yield—by fourteen and thus provided an 
estimate of the number of pounds of milk of one per cent. quality likely to be 
obtained during the fourteen days between the two tests, that is, 105 x 14= 1470 
pounds of milk of one per cent. quality in fourteen days, or 147 pounds of 
butter fat in fourteen days. This procedure was repeated on every occasion 
a test was made, and at the end of the lactation period (that is, the whole 
period between two calvings) of the cow the total estimated yield of milk of one 
per cent. quality was ascertained by summation. The average percentage of butter 
fat for each cow for the whole lactation period was found by the recorder by 
dividing the number of pounds of milk of one per cent. quality by the total number 
of pounds of milk. In printing the selected records, the Association recorded the 
total estimated yield of milk for each cow in gallons, the gallon being as already 
stated, the weight of ten pounds and not a measure. The yield of milk of one per cent. 
quality was entered in each case in the written records but was not given in the 
printed records. It is thus clear that the yield of milk determined by the Scottish 
Milk Records Association during the entire lactation period is not the actual yield 
directly ascertained day by day, but an estimated yield based on periodic determi- 
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nations. The same is true of the average of butter fat recorded; it is net the real 
average ascertained from daily determinations of butter fat, but an estimated 
average based on periodic, mainly fortnightly determinations. 

In order to make the statistical analysis, the data bearing on each cow was 
placed on a separate card. Each card showed for the particular cow: (1) the total 
estimated yield of milk in gallons, the term gallon being, as already stated, a quantity 
of milk weighing ten pounds; (2) the average quality of the milk as indicated by 
the percentage of the butter fat; (3) the age of the cow; (4) the duration of the 
lactation period in weeks, and (5) the total quantity of butter fat in pounds, as 
calculated from the quantity and quality of milk for the whole lactation period. 

Zach card thus showed the magnitude, for each particular cow, of the five 
“characters” investigated, viz.: 

) Quantity of milk in gallons. (Q.) 
) Percentage of butter fat. (P.) 
3) Age of cow. (A.) 
) Weeks in milk (duration of lactation period). (W.) 
) Yield of butter (total quantity of butter fat). (B.) 

The whole of the data having thus been transferred to cards, these latter were 
then arranged in order to obtain frequency distributions for the five characters so 
as to investigate the variation in each, and to make correlation tables from which to 
calculate the relationship existing between any two characters. For each character 
the cards were sorted into classes, and the following sub-ranges were decided upon 
in the various cases. 

(1) Quantity of Milk 


All cows showing a quantity from 150 to 200 gallons inclusive were placed in 





a sub-range of 50 gallons. 


one class, with class centre at 175 gallons, those showing a quantity from 200 to 
250 gallons in a second class with class centre at 225 gallons, and similarly from 
the remaining classes. 

(2) Percentage of Buiter Fat—a sub-range of 0°25 per cent. 

All cows showing an average percentage of butter fat from 2°00 to 2°25 inclusive 
were placed in one class with 2°125 as the centre of sub-range, those showing 
a percentage of from 2°25 to 2°50 inclusive in a second class, with class centre at 
2°375, and similarly for the remaining classes. 

(3) Age of Cow. In this case each year of age was made a separate class from 
2 years up to 18 years, the last class containing cows of 18 years and over. Cows 
over # years and less than («+ 1) years were entered by the recorders as aged 
@ years, Hence the centre of the class ranging from over « to less than (#+ 1) 
years was (# + $). 

(4) Weeks in Milk—a sub-range of three weeks. 

All cows showing from 7 to 9 weeks inclusive were placed in one class with 
8 weeks as the class centre: those of from 10 to 12 weeks inclusive in a second 
class with 11 weeks as the class centre, and similarly for the remaining classes. 
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(5) Yield of Butter Fat 
All cows showing 60 to 80 pounds inclusive were placed in the first class, the 
centre of the class being 70 Ibs., all cards showing 80 to 100 pounds inclusive in a 


a sub-range of 20 pounds. 


second class, with the class centre at 90 pounds, and similarly for successive classes. 
Butter fat yield was determined to the nearest half-pound. Yields of («—4) 
upwards and less than (# + 3) were placed in the x sub-class. The cards were also 
arranged according to the various local milk records societies to which they 
belonged, in order to ascertain the average yield of milk and the average quality 
(percentage of butter fat) for each local society. 


(3) The Records for 1920. 

On the completion of tne work on the 1911-12 data, the Scottish Milk Records 
Committee had under consideration what further statistical analyses on the 
Scottish data should be made, in order to throw light on the value of recording as 
revealed by the annual variations in the characters recorded, and in the annual 
changes in the relationships between the various recorded characters. The following 
is a brief summary of the nature of the research as outlined by the committee. 

(1) In any statistical analysis which may be undertaken on these records it is 
desirable that the analysis should not be made upon the printed data but upon the 
written records. The analysis, however, should be confined to these records where 
the date of birth of calf at the end of milk record has been recorded as well as date 
of birth of calf at the beginning of record. Incomplete lactation periods should be 
omitted and also cases where there is no record of a second calf being born within 
sixty weeks. The analysis would then include cases where the complete lactation 
period is known and is approximately normal. 

(2) Measurement of Annual Variations in Yield and other Characters. 

In order to determine the annual variations in yield, percentage of fat, duration 
of lactation period, total yield of butter fat, and age of cow, the data for each year 
from 1903 to 1920 should be extracted and analysed. This means the tabling 
of the records of complete lactations on cards for the purpose of collation and 
analysis. As a final result a table should be prepared showing the annual values 
from 1903 to 1920 of the recorded characters. 

This work includes the measurement of the variations for these characters in 
order to determine the significance of the difference of the value of each character 
for every year. A final table and a series of graphs would then be prepared showing 
the change whether progressive or retrogressive. 

(3) Yield and Quality. 

In order to determine how far for each year an increase in yield is accompanied 
by a decrease in quality, a series of correlation tables would have to be prepared 
for these characters for each of the years. On collating and analysing the data we 
should then be able to prepare a table showing whether the relationship between 
these characters is constant, or whether it has varied with the selection or change 
in the breed. 
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(4) Correlations. 


In order to determine how far the other factors are correlated, a series of 
correlation tables should be prepared for each pair of characters for each of the 
years studied. A table should then be prepared showing the relationships between 
the factors. 


(5) Monthly Classification. 
With reference to the characters prop sed to be investigated, it was agreed that 


a further classification should be made according to the month in which the 
lactation period begins. 


(6) Private Daily Records compared with Official Tests. 
It was further agreed that certain daily records should be compared with the 


results of fortnightly, three-weekly, and monthly tests, in order to determine the 
relative accuracy of these. 


(7) It was agreed that, in the first instance, the enquiry should deal with the 
years 1908 and 1920, and that the inclusion of other years should be considered 
later. 


On communication with the Superintendent of the Scottish Milk Records 
Association, the writer learned that he had not in his possession the complete 
summary sheets prior to the year 1911. The writer had, therefore, to abandon the 
idea of conducting a statistical analysis on the 1908 records, and to concentrate 
upon the 1920 records, the summary sheets of which he received from the super- 
intendent from time to time. The data from these sheets were transcribed onto 
cards, an illustration of which is shown in Table I. 


TABLE I. 
1920 Records. 


Nc a of Society. 


Farm Letter. Breed. No. of Cow. 
Total Yield Percentage Yield at 1°, Weeks in 
Age in Gallons. Butter Fat. Butter Fat. Milk. 
Date of Opening of Record. Date of Closing of Record. 
Date of Calving. Date of Next Calving. 
Calculated Yield per week Calculated Yield of Butter Fat per week 
in Gallons. in Pounds. 


The total number of cows tested during 1920, as noted from the records, 
amounted to 24,023, In 2573 cases the age and other particulars were found to be 
wanting. The records therefore of 21,450 were collated. Of these, 5320 were 
heifers and 16,130 were cows. Of the total number of cows 14,416 were Ayrshires 
and 1714 were cows belonging to various breeds including British Friesian, Aberdeen 
Angus, Irish Crosses and Shorthorn Crosses. The following table (Table IT) 
shows the numbers of Ayrshires and other breeds. 











—<_ 


a 








J. F. Tocuer 


TABLE I. 


Cows Heifers 
Ayrshires sae oon 14,416 4,776 
Other Breeds... dns 1,714 544 
Total 16,130 5,320 


Total cows and heifers 21,450. 

There were found to be 14,416 Ayrshire cows ranging from 3 to 20 years 
of age. Of these, it was found that approximately 6500 had no record of a second 
calf, about 1000 did not give birth to a second calf until after 60 weeks from the 
previous calving, while about 2000 cards showed “closing of record” in December, 
1920, but were evidently cows whose lactation periods ran well into 1921. After 
eliminating these we were left with a total of 4912 Ayrshire cows whose lactation 
periods were completed in 1920 and with a record of a second calf within 60 weeks 
of the previous calving. 


(4) Previous Work. 

A study of the records kept at Lord Rayleigh’s dairy farms, Terling, Essex, was 
made by W. Gavin*. He studied the relationship between (a) the maximum 
daily yield maintained or exceeded for not less than three entries in the record book, 
and (b) the total yield during the lactation period. He showed that the correlation 
between these two factors was in the neighbourhood of 0°85 and concluded that 
the total milk yield of a cow for a lactation period can usually be judged, within 
a few weeks of calving, from the lowest figure of the three highest entries for 
daily yield. The figure thus obtained he calls the “revised maximum” (R.M.). 
The regression of R.M. on total yield was found: to be linear. The influence of 
number of calvings on yield (R.M.) and the influence of date of calving on yield 
(R.M.) were also studied by this writer. He found that the highest R.M. occurred in 
April and May, when there is an abundance of natural succulent food. 

In his “Studies in Milk Records” Gavin showed that the yield during the first 
lactation period was more variable than the yields in succeeding lactation periods. 
He suggested that among the total yields during a lactation period of a cow, the 
maximum total yield should be used to represent her mature capability. Gavin 
concluded that the R.M. of the first lactation period should be used to determine 
whether a cow should be kept for dairy purposes or not. In doubtful cases he recom- 
mended an estimate based on the mean R.M. for the first and second lactation periods. 

In a paper by Eckles and Palmer+ it is suggested, but is not statistically 
established, that the average percentage of fat in the milk of Jersey cows attains 
a maximum during one of the first three lactation periods. 

Pearl and Minert have made a study of the variation in the quantity and in 
the fat-content of milk of Ayrshire cows from the records of the Ayrshire Cattle 


* 


‘**'The Interpretation of Milk Records,” Journ. Roy. Agric. Soc. 1912, p. 153; and Journ, of Agric. 
Science, 1913, Vol. v. Part 4, ‘‘Studies in Milk Records; On the Accuracy of Estimating a Cow’s Milking 
Capability by her First Lactation Yield.” 

Journal of Agricultural Research, Vol. u. No. 12, 1917, pp. 645—657. 

+ Journal of Agricultural Research, Vol. xvu. No. 6, Sept. 1919, pp. 285—322 








114 An Investigation of the Milk Yield of Dairy Cows 


Milk Records Committee for the years 1908 and 1909. The investigation was con- 
fined to those records of cows which had been 32 weeks or more in milk. The 
frequency distributions of quantity and of fat content of the milk of cows of the 
same age were found for each year of age. The authors found that these distri- 
butions, when fitted with Pearsonian curves, belonged to Types I, II, III and IV. 
They give no suggestion, however, as to the area on the f,, 8, plane to which the 
frequency is restricted, which, after all, is the important fact we want to know in 
considering the physical characters of observed distributions. Normal curves were 
also found to fit certain of the distributions. Regression curves of mean weekly 
yield on age and of mean fat content on age were fitted to the data. The work of 
these authors is referred to in Section II and Section III, where the results are 
compared with the writer's figures for the years 1911, 1912 and 1920. 


J. W. Gowen has discussed the conformation of Jersey cattle and its relation to 
milk producing capacity*. He showed that the correlation between the udder and 
milk yield (0°1906) was practically as great as the correlation between (1) the 
characters selected by him as constituting “conformation” and (2) milk yield (0°1941). 


A further memoir has been published by J. W. Gowen#, giving the results of his 
analyses of the records of a Jersey herd over a number of years. The size of the 
herd is, however, not stated, but it is stated that the records of the same cows over 
a number of years have been studied. The author extracted 1741 complete eight 
months’ records of healthy cows for analysis. How many cows the 1741 records 
represent is not stated and the reader should therefore note that the results are 
not from 1741 different cows. Gowen studied his data with respect to age and other 
factors. He included all cows of 10 years of age and upwards in his highest age 
group. He found that Pearsonian curves of Types I, II, and IV prevailed for the yield 
distributions and found good fits for these curves. Gowen found the correlation 
between age and yield to be significant and the regression to be non-linear. 
He showed that the variability in milk yield increased with age up to about 
7 years, after which the variability steadily decreased. In technical language, milk 
production with age is heteroscedastic. The author showed, for a group of cows 
between 2 and 3 years old, the mean yield for a lactation period of 8 months. The 
same group was followed until the cows were over 10 years of age and he showed 
that there was a progressive increase in yield for the same cows for every year 
of age up to 7 years, after which there was a decrease in mean yield with age. The 
variability of milk yield was similarly shown to increase uniformly up to nearly 
7 years when the variability declined with age. In other words, the scedastic curve 
was linear until it reached its maximum, about 7 years of age. There was found to 
be no very great change in the coefficient of variation for milk production of a cow 
as it gets older, nor can it be said that the coefficients of correlation between the 


2 year old group and each of the older groups were significantly different among 


themselves. 


* Journal of Dairy Science, Vol. 11. No. 1, Jan. 1920, pp. 1—32. 
+ Genetics, Vol. v. No. 2, March 1920, pp. 141—188. 
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From records of the same cow throughout, the author’showed that from 2 to 
3 years of age she contributed less than her expected yield towards the total for 
five lactations, while, at from 3 to 4 years of age, she contributed slightly more 
than her expected yield. At other ages she produced the expected proportions. 
The author pointed out, from the results, that the milk production of one lactation 
was highly correlated with the total milk production of two lactations of which the 
given lactation is one component, and therefore the milk production of one lactation 
was the determining factor for the total milk production of two such lactations. 

Gowen, in a further contribution, gave the results of a study of the correlations 
between fat percentage and age in Jersey cattle*. He showed the range of 
variation in butter fat percentage to be from 3°65 to 6°95. Curves of Types I, IIT, 
IV and V and normal curves were fitted to the distributions of butter fat. The 
regression of mean percentage of butter fat on age for a lactation of eight months 
was found to be linear. The curve of the standard deviations of butter fat on age 
was also linear, and there was a very slight diminution of variability with age. 
The Jersey cow tended to give a less percentage of butter fat during the eight 
months’ lactation period as she got older. The mean percentage of butter fat was 
5°23, with a corresponding standard deviation of 0-449 and a coefficient of variation 
of 8°6. The author concluded that the relative accuracy in the use of one lactation 
period to predict the expected record of another lactation period was approximately 
the same for percentage of butter fat as for milk yield. He also showed that the 
butter fat percentage of one lactation period was highly correlated with the butter 
fat percentage for the first five lactations (0°78 to 0°86). He held that the factors 
which govern butter fat percentage have their power maintained in the same 
relative strength throughout the life of the cow to the exclusion of any group 
of short period factors. 


II. Srupy oF THE 1911 AND 1912 REcORDS AND COMPARISONS WITH OTHER DATA, 
(1) Average Yields and Average Values generally. 

The mean or average value of each of the characters studied was calculated for 
the two years 1911 and 1912, and the results are given in the following table 
(Table ITT). 

TABLE III. 








) | | | 
| . F 1911 Data 1912 Data 
Character | (Total 4591) | (Total 6648) | 
| aie _ = | 
Quantity of Milk 634°82 654°20 gallons 
| | | 643°26 gallons t 
| Percentage of Butter Fat 3°73 3°74 per cent. 
Weeks in Milk | 36°78 37°41 weeks 
Yield of Butter Fat 236°13 | 243°76 pounds 
Age of Cow | 6°3 6°19 years | 
| 





* Genetics, Vol. v. No. 3, May 1920, pp. 249—324. 





+ Average yield for 1912 reduced to a constant lactation period of 36-78 weeks (the average for 1911). 
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In 1911, the average yield was thus about 20 gallons less than in 1912, while 
the quality (percentage of butter fat) remained practically constant. The average 
length of a lactation period and the average age of the cows show but a slight 
variation from the one year to the other. 

The average total yield of butter fat amounted to 236 pounds in 1911 and 
244 pounds in 1912. This corresponds to a yield of butter (containing the maximum 
amount of water permissible under the Food and Drugs Acts, viz. 16 per cent.) of 
281°0 pounds in 1911 and 290°5 pounds in 1912. 

In order to ascertain whether or not there is a significant difference between 
these averages for the two years, the probable error of the difference was calculated 
in each case, the results being shown in the following table (Table IV). 


TABLE IV. 


Significance of Differences between Means. 





(m,, 01, Ny refer to 1912) (ms, ¢2, No refer to 1911) 
| l | 
may; | ae /o? Sane (m, — mg) 
aracte — ms ( ¢ } Dy 
Character (my — ms) | 7449 \ t Ne | ‘0 
| Quantity of Milk (gallons 19°38 | 2°1264 9°11 
| Quantity of Milk for constant | 
Lactation Period 8°44 | 2°1264 3°97 
Percentage of Butter Fat 0-01 | 00044 1°83 
Weeks in Milk 0-63 | 0-0836 | 7-49 
Total Yield of Butter Fat (Ibs.) 7°64 O°7972 9°59 
Age of Cow (years 0°12 | 0°0351 | 3°37 
| | 


* Some of the cows will be the same for the two years, but as the correlation between the milk from 
the same cow in two successive years is positive, this formula gives a maximum value and therefore 
the values in last column will be minimum values. 


It is thus evident that there is a significantly larger yield of milk and also of 
total yield of butter fat in 1912 than in 1911; but, as the lactation period is also 
significantly longer, it is interesting to consider whether this is the cause of the 
greater yield. The average quantity of milk for 1912 when reduced to a lactation 
period of 36°78 weeks would be 643:26 gallons, the difference between this and the 
1911 yield being thus reduced to 8°44 gallons which, when divided by the probable 
error of the difference, viz. 2°1264, gives 3:97. This would indicate that there 
is probably a significant difference in the quantity of milk apart from the longer 
lactation period in 1912. Such an increase might be expected from year to year, 
within limits, owing to the retention of cows giving good yields and the elimination 
of those giving poor yields. The difference in yield between 1911 and 1912 shows 
that a characteristic value for each year is likely to exist, and that there is likely 
to be an increase in the average yield. The difference between the average 
percentages of butter fat for 1911 and 1912, does not appear to be significant. 
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(2) Frequency Distributions. 

We shall now consider the nature of the distributions of the various characters 
for 1911 and 1912. 

(a) Age of Cow. 

The unit of analysis for the age distribution was one year. The mean age of the 
1911 series was 5°81 years, while the corresponding value for the 1912 series was 
5°69. Naturally the age distributions exhibit high degrees of positive asymmetry, 
the values of Sk/E,, (85 and 83 respectively) being far greater for age than for any 
of the other characters. The criterion, «,, is negative and indicates one of the group 
of curves belonging to Type I (see Diagrams I and II). The mode for 1911 is at 

DIAGRAM I. 


Distribution of Age (1911 data) of 4591 cows. Type I Curve. 
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Age in Years. 
3°47 years and, therefore, d is equal to 2°84, The corresponding value of d for 1912 
is 2°24. The general practice of dairymen in the Association is to reject animals 
found on trial to be comparatively poor milkers. Thus, we have greater observed 
frequencies among the cows 3°5 years of age than the theoretical frequencies 
obtained by graduating the series with Pearsonian curves. 
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It is evident from a study of the combined distribution (1911 + 1912), that the 
frequency at 3°5 years of age is too high to allow of the Type I curve being a good 
fit. It appears evident that about 350 cows included in the three year old class 
should really be in the two year old class. In 1911 and 1912, the practice with regard 
to recording the age of cow was not so precise as the present practice when the age 
of the animal in years and months is given. It is usual for dairymen to arrange the 
date of calving to suit their purposes. For instance, cheese-makers usually arrange 
to have their cows calving about the month of February. In the records the few 
animals that are over, say, two years of age and less than three, are reckoned as ‘ two 
year olds,’ and all animals that are over three and have not reached four are reckoned 

DIAGRAM II. 


Distribution of Age (1912 data) of 6648 Cows. Type I Curve. 
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as three year old animals. There are cases, however, of heifers having calves before 
they reach three years of age and they would be reckoned (having had a calf) as being 
three year old heifers. There is a distinct drop in the number of cows after eleven 
years of age in the observed frequencies when compared with the theoretical curve. 

(b) Quantity and other Characters for all Ages. 

As can be seen from the regression curves of Quantity on Age, Quantity is a 
function of Age. The distributions of Quantity for all ages will therefore be a 
heterogeneous distribution. Theoretical curves, although they can have no physical 
meaning, were fitted to the data in order to see what kind of frequency distributions 
were indicated, and also to see whether the curves reasonably described the data. 
The values of the criterion for both years were found to be between 0 and 1. The 
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DIAGRAM III. 
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Photograph from card model of Frequency of Total Milk Yield for a Lactation Period 
of Cows of each Age. 





DIAGRAM IV. 





Photograph from a second card model of Frequency of Total Milk Yield for a Lactation Period 
of 100 Cows of each Age, ze, Percentage of Cows at each Age with a given Yield. 
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distributions are consequently skew with unlimited range in both directions and 
are therefore Type IV curves. The values of o?, 8; and f, are given in the table 
below (Table V). Frequency curves were also fitted to P, W and B in order to see 
whether these curves also reasonably described the data. The fits were found to be 
bad also, owing to the heterogeneity of the material with respect to age. 

(c) Distribution of Quantity for different Ages. 

In consequence of the fact that the distribution of Quantity for all ages are 
heterogeneous distributions, it was found necessary to fit curves to the distribution 
of quantity for each year of age from 2°5 years onwards. For this purpose the data 
for both 1911 and 1912 were taken together and statistically examined. Upon 
analysis it was found that these distributions were adequately fitted by Type IV 

TABLE V. 
Analytical Constants of Curves. 


1911 Data. 





























| Character | | o | By | Be P 
| | | | es 
| Poe oe ae ae 
| Q | 4671 50 gals. | 9°9232 | -2418 | 3°5655 209 
P | 4671 25° | |} 16782 | = “1489 | 32964 ‘473 
| A 4591 | 1 year 75117 | *9140 3°6061 “O15 
W* | 4557 3 weeks 3°5877 “0424 3°7103 “001 
B i591 | 20 Ibs. 87806 3257 | 37961 | <-001 
| | | \ 
* Distribution up to 56 weeks. 
1912 Data. 
ae hee a a Q‘Mbeta’ tine WL Fea —- . oe oe 
| Character | No. Unit o By | By | P 
oe pee = Pe: 
| | | 
Q | 6648 | 50 gals. | 11°7517, | =«1679 «|= 3°4867 “001 
P | 6648 | °25 |} 18431 | 0794 | 32988 | +239 
A 6648 year | 7*O861 | *8352 3°5090 | very small 
W | 6648 | 3weeks | 19454 | +4090 6°0834 | very small 
; 20 lbs. | 10°2831 | °1794 | 3:5184 | 050 
| 


B | 6648 


curves, the frequency constants of which are given in the undernoted table 
(Table VI). It will be seen from the table and from Diagrams III and IV 
that the mean yields increase with increasing age until the 10°5 age group 
is reached, while the modal yields increase until the 95 age group is reached, 
after which there is a slight fall in both characters. The heifer group (2°5 age 
group) has a relatively high variability. The variability falls for the 3°5 age group 
and gradually rises with increasing age until the 10°5 age group is reached. 
Diagram V shows the absolute (s.D.) and relative (C.v.) variabilities of quantity for 
each year of age and also the mean yields, all on the same scale of measurement. 
The fall in the values of the coefficient of variation with age is due mainly to the 
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Age | No. 
2°5 | 385 
3°5 2410 
{5 1803 
5°5 | 1554 
6°5 | 309 
7°5 | 1039 
8°5 | 913 
9°5 642 
10°5 | 


674 


510 | 12°199 
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M3 | My 
| 
| 
} 


19°218 | 535-989 





55 | 7:246 | 225-749 | 
9°139 | 15-041 | 319°367 | 
9°896 | 22-182 | 428-741 
9°447 | 15-471 | 345-305 
10-028 | 14-332 | 378-299 
9°779 | 17°479 | 355-001 


| 3 
L0°985 | 20°420 | 457°635 
26°833 | 563°754 
20°511 | 





174°104 | ° 


TABLE VI. 


| | | | 

| Bi | Be | ke | 

| See SE 

| | 

*292 | 

207 | 

| 316 | 

| | +351 | 

-283 | 3-869 | -258 | 

| °203 | 3°761 176 | 
| 326 | 3°711 | 598 

| "B14 | 3-791 | °398 | 
| *396 | 3-787 | °847 

| ‘274 | 3°567 “707 | 

| | 

| } | | 





Mode | Mean 


524-896 | 


278 
| 3/16 





7 | 556°660 | 576°410 
557°545 591°195 
602-691 | 644°691 
643°569 | 676°069 

| 669-084 697°184 
| 671°420 | 710°870 
693°504 | 732°55 






°297 
683°806 | 723-406 
| 


Distributions of Quantity for each year of Age—Constants for Type IV curves fitted. 


| 
Skewness | 


| 
8.D. | 


175°317 
143-660 
151°158 
157°295 


153°681 





Mean P=-603 


increase on mean yield with age. Cows over six years of age are relatively less 


variable in their yields than cows under six years of age. Cows over eleven years 


of age (674 in number) were studied together. The mean, mode and variability of 


this group are less than the corresponding values for the 10°5 age group, The 


curves are all positively asymmetrical and the degree of skewness runs from 0°14 
a o 


to 0°28. With the exceptions of the 3°5 and 10°5 age groups, Type IV curves give 


good fits to the distributions of yield for the various age groups. The change in 


modal values with increasing age for a hundred cows of each age can be readily 


seen from Diagram IV, which shows graphically the percentage frequencies for each 


year of age 


DIAGRAM V. 


Variations in Means, Standard Deviations and Coefficients of Variation of Quantity with Age of Cow. 
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‘DIAGRAM VI 


1911 Data. Frequency Distribution of Percentage of Butter Fat 
Type IV Curve. 
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(d) Yield of Butter Fat for Cows all the same Age. 


A suitable unit for the study of yield of butter fat was found to be 20 pounds. 
As already stated, curves were fitted to yield of butter fat for cows of all ages. The 
material is, however, heterogeneous owing to the age factor (see Diagrams VI and 
VII). The theoretical and observed values for yield of butter fat of cows from 
three to four years of age and milked for 41 weeks were worked out. A normal curve 
was found to fit the distribution, 0°826 being the value of P (see Table VII). The 
whole problem of selection with respect to age and otherwise and its effects is 
discussed in a subsequent section of the paper. 

TABLE VII. 
Distribution of frequency of Total Butter Fat Yield of 272 Cows aged 
3°5 Years and milked for 41 Weeks. 

















Total Butter Fat 
ss Observed Theory for 
| Frequency | Normal Curve 
Sub-Range Centre 

Up to 160 150 4 1°88 
160-180 170 Q 11°81 
180-200 190 29 27°20 
200-220 210 52 16°42 
220-240 230 57 58°71 
240-260 250 58 55°01 
260-280 270 38 38°19 
280- 300 290 14 | 19°65 
300-320 310 | 5 | 7°49 
320-340 330 f | 2°12 
340-360 | 350 | a “44 
360-380 | 370 0 } ‘O7 
380-400 390 l | ‘Ol 

| | | : 

| 272 | 27200 | 


(3) Correlations and Regressions. 

(a) The Relation between Quantity and Quality of Milk. 

1. Regressions. When we consider the relationship between the quantity (Q) 
and quality (percentage of fat, P) we find that there is a negative correlation 
between these two characters which is sensible but not very great. The values of 
rpg are — ‘1563 and —:1625 for the 1911 and 1912 data respectively. This means 
that the greater the quantity yielded, the poorer the quality on the average*. 
The values of npg are "1673 for 1911 and *1726 for 1912, while the values of ngp are 
‘1639 and °1809 for 1911 and 1912 respectively. The differences of r and the 1’s 
are not of great importance. 


* I have shown elsewhere that there is a high positive correlation between total butter fat and 
quantity (see Analyst, Vol. u1., pp. 605, 613 (1926)). 
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On referring to Table IX it is seen that the divergence from linearity is 
somewhat greater in the 1912 data than in the 1911 data, but this is mainly 
accounted for by the sparse number of cows giving high and low yields. It may be 
safely concluded that, irrespective of age or lactation period, the regression of 
quantity on percentage of butter fat is practically linear between the limits of 3:3 
per cent. and 4°3 per cent. of butter fat (Diagrams VIII and IX). The regression of 
percentage butter fat on quantity is also practically linear* (Diagrams X and XI). 


DIAGRAM VIII. 


Regression of Quantity on Percentage of Fat. 1911. 
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2. Scedastic Curves. If we confine our attention to particular values of yield 
of milk for a lactation period, we can put this question: Is there great variability 
in percentage of butter fat among cows giving a particularly high or a particularly 
low yield of milk? The values of the variance for the fat percentage arrays of cows 
giving a particular yield would be a preliminary test. The distribution of the 
variance of the percentage arrays for sub-ranges of quantity was found on analysis 
to be linear and heteroscedastic (Diagram XII). Since the standard deviation is 
used as a measure of variability, diagrams of scedastic curves have been drawn in 
order to show how the standard deviations of the arrays themselves vary with 
increasing yield or increasing percentage (Diagram XIII). It will be seen that with 
a low yield for a lactation period—say 300 gallons—the variability of the percentage 
array is comparatively high (about 04 per cent.), while the corresponding 
variability for a high yield—say 900 gallons—is about 0°3 per cent. Thus heavy 
milkers, that is, those giving a high total yield for a lactation period, show less 
variation in the butter fat content than low yielding cows. A group of bad cows 
is, therefore, a group giving low yields and with great variation among themselves 
as regards the percentage of butter fat. 
If we look at the converse problem, it is found that cows giving a low percentage 
of butter fat are very variable in milk yield. For 1911, it is seen that cows giving 
3 per cent. of butter fat have a standard deviation of about 170 gallons in their 
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DIAGRAM IX. 


Regression of Quantity on Percentage of Fat. 1912. 
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DIAGRAM XII. 


Regression of Q Variance on P (I and II). 
Regression of P Variance on Q (III and IV). 
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DIAGRAM \XIII. 


Scedastic Curves for og on P (I and II) and op on Q (III and IV). 























{ if 
180 soit 180 KS 1912 
+ 
170 . 170 
160 160 
. 
. 
O- is0 Z . a” 
140 e 40 
130 130 
3-195 5-625 4425 4-625 3425 3-625 4-125 4-625 
Percentage of Fat. Percentage of Fat, 
itl IV 
“a i911 rs igi2 
40 
Oo. 3 
30 
25 “25 

















17s 275 37s 475 $75 675 7s ars 975 17s 27s 375 405 3vS oiS ws 675 975 


Quantity in gallons Quantity in gallons 





126 An Investigation of the Milk Yield of Dairy Cows 


milk yield, while those yielding about 4°5 per cent. of butter fat have a variability 
of about 140 gallons. The corresponding figures for 1912 are 180 and 150 
approximately. 

(b) Quantity and Age. 

Regression of Quantity on Age. 

The values of the correlation coefficient r4g are ‘3216 for 1911 and ‘3418 for 
1912. It is thus evident that there is a considerable relationship between age and 
quantity. The corresponding values of ng, are ‘3687 and 3656. The divergence 
between » and r for each year is probably significant (Table IX). The regression, 
therefore, is not linear. A regression parabola was accordingly fitted to the data for 
each year (Diagrams XIV and XV). These parabolae would appear to fit the data 
with a considerable degree of accuracy, at least for the younger and more important 
ages. The maximum average yield of milk, therefore, occurs amongst cows of 13} years 
of age in the 1911 data, and amongst cows of 12} years of age in the 1912 data, the 
difference in the ages giving the maximum yield being thus about one year. If we 
concentrate our attention on Diagrams XIV and XV and the relevant tables, we can 


DIAGRAM XIV. 





Regression of Quantity on Age. 1911. 
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extract information useful to the dairy farmer. The dairy farmer might put this 
question. I have a herd of # cows of various ages. Can you give me any idea from 
the known results regarding quantity and age, what total yield of milk I might 
expect to get during a lactation period from my herd of « cows? The answer is in 
the affirmative. Suppose a farmer had a herd of 10 cows whose ages are those given 
in the following table : 

TABLE VIII. 








| No. of cows | Ages of cows | } Yield per cow Total yield of cows 
for lactation period for lactation period 
awe ours < ees 
2 | | 617 1234 
] | 5 651 651 
l 6 680 680 
1 | 7 704 704 
2 9 737 1474 
2 11 | 752 1504 | 
| 1 | 13 746 746 
| 


Total yield in gallons for above 10 cows=6993. 
Mean yield per cow for a lactation period of 37°41 weeks =699°3. 

This table shows the total yields of milk to be expected at the various ages and 
the most probable total yield of milk from the 10 cows. This number is 6993 gallons, 
or an average of 699°3 gallons per cow, for an average lactation period of 37°41 
weeks, 

(c) Fat Percentage and Age. 

Regression of Fat Percentage on Age. 

The values of the correlation coefficient for 1911 and 1912 are rp, =—*2275 and 
— ‘2336 respectively, which would indicate that the average fat percentage decreased 
with age. The values of np, for 1911 and 1912 are °2618 and -2693 respectively. 
The results of the tests for linearity are given in Table IX, where the values of 
(» —r) are compared with their probable errors. The results show that the regres- 
sion curves of percentage on age are non-linear for both years. Regression parabolae 
were fitted to the data and the results are shown in Diagrams XVI and XVII. On 


TABLE IX. 
Table of Correlation Coefficients. 














1911 Data 1912 Data 
| Characters | r E, r | E,. 
| Age and Quantity | + °3216 + -0089 +°3418 | +°0073 
| Age and Weeks “0827 + 0099 -0379 | +:0083 
Age and Fat Percentage |} —*2275 + 0094 —°2336 | +0078 
| Age and Yield of Butter Fat | +2381 + -0092 +°2650 | +°0077 
Fat Percentage and Quantity | —*1563 + °0096 —'1625 | +-°0081 
| Quantity and Weeks | +—°5734 + ‘0067 + °6139 + 0052 
| Percentage and Weeks | +°0777. | +:0099 + °0540 + *0082 
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TABLE IX (cont.) 


Test for Linearity of Regression. 











1911 Data 1912 Data 
| | | | 
| Characters | N n | r (yn -- 7) (m " N 
| | | | | | Be ‘ 
| | 
Quantity on Age 1591 | -3687| +°3216| 0471 | 9-05 | 6648 "0238 
Fat Percentage on Age ' 4591 | 2618 |} —°2275 | ‘0343 6°50 6648 | *269° *0357 | 
| Yield of Butter Fat on Age | 4591 | 2855 | +°2381 | °0474| 7-92 6648 | -2 | *Q208 | 
Weeks in Milk on Age | 4557 | ‘1601 | -— -0827| -0774| 6°86 6648 | °1: “0980 
Quantity on Fat Percentage | 4671 | 1639 - +1563 | ‘OO76 | 2°50 | 6648 | - “0184 
| Fat Percentage on Quantity | 4671 | ‘1673 | — "1563 | 0110 | 3°02 | 6648 | °17 - 0101 | 
| Quantity on Weeks in Milk 1591 | ‘5789 | +°5734 | -0055 | 4:00 | 6648 + “0066 
| Weeks in Milk on Quantity | 4591 | -5912| +°5734| -0178| 7:23 6648 L + ‘O161 | 
| Weeks in Milk on Fat Percentage | 4557 | -0861 | 40777 | “0084 85 | 6648 | -0763 | +-0540 | -0223 
| Fat Percentage on Weeks in Milk 1557 | 1192] +°O777 | 0415 4°53 | 6648 | “0990 | oer 0450 
| | | 


DIAGRAM XVI. 


Regression of Percentage Butter Fat on Age. 1911. 
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examiniag these parabolae, we see that they are practically identical. In both cases 


the percentage of fat decreases with age until it reaches a minimum value of 


slightly above 3°6 at 11 years of age, after which the percentage appears to increase 
with increasing age. 
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(d) Quantity and Duration of Lactation Period. 

(1) Regression of quantity on weeks in milk. 

The correlation between the length of the lactation period and the total quantity 
of milk is, as was to be expected, very considerable. The values for the correlation 
coefficient for 1911 and 1912, respectively, are *5734 and *6139, while the corre- 
sponding values of ngy are 5789 and -6205. The results in Table IX show that, 
for each year, the regression deviates slightly from linearity. The deviation for 
1912 is found to be greater than the corresponding deviation for 1911. The results 


are shown in Diagrams XVIII and XIX. 


DIAGRAM XVIII. 





Regression of Quantity on Length of Lactation Period. rgrt. 
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If we exclude from the data all cows whose lactation periods exceed 56 weeks, 
because lactation periods exceeding 56 weeks are unusual, we get slightly different 
values of » and r. The value of gp for all cows of lactation periods less than 56 weeks 
is found to be ‘5435, while the values of ngy and nye are 5487 and ‘5614 respectively. 
These results are for 1911, The regression of quantity on lactation period (with 
maximum period of 56 weeks) also deviates from linearity. A close examination of 
the results shows that for the most important periods, namely, between 26 and 56 
weeks, the regression of average quantity on length of lactation period is linear. 
The departure from linearity in the case of very high and very low lactation periods 
is mainly due to the fact that the very long lactation periods are abnormal and the 
very short lactation periods are incomplete, due to the manner of making the records 
by the Association. In the study of the 1920 records these abnormal lactation 
periods were excluded. 

(2) Regression of weeks in milk on quantity. 

The values of ya for 1911 and 1912, respectively, are ‘5912 and 6300, while 
: = are 7:23 and 8°55. Even excluding cows 

4(yn-r) 


with lactation periods greater than 56 weeks this ratio is not reduced. Thus it is 


the corresponding values of the ratio 


clear that the relationship between quantity and average weeks in milk is non-linear. 
The regressions are shown graphically on Diagrams XX and XXI. 


DIAGRAM XX. 


Regression of Length of Lactation Period on Quantity. 1911. 
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(e) Fat Percentage and Length of Lactation Period. 
(1) Regression of percentage of butter fat on weeks in milk. 


The correlation between the average percentage of butter fat and the number 
of weeks in milk is small though distinctly positive. The values of the correlation 
coefficients for 1911 and 1912 are + ‘0777 and + ‘0540, values which cannot be 
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DIAGRAM XXI. 


Regression of Length of Lactation Period on Quantity. Igi2. 
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regarded as being significantly different. The corresponding values of npy are *1192 
(n-—1) 

bel 
E (n-1) 
respectively. The regression therefore is distinctly non-linear, though the devia- 


and 0990, while the values of are 4°53 and 5°01 for 1911 and 1912 
tions from linearity occur mainly for very high and very low lactation periods where 
the frequencies are few and unimportant practically (Diagrams XXII and XXIII). 
(2) Regression of weeks in milk on percentage of butter fat. 
The values of myp for 1911 and 1912 are -0861 and ‘0763 respectively, while 


(97 — 7) = : 
am - are 1°85 and 3:20, showing that the regressions 


the corresponding values of 
are practically linear. 
(f) Age and Length of Lactation Period. 
Regression of weeks in milk on age. 
The correlation between age and average number of weeks in milk is small and 
negative, the values of the correlation coefficient for 1911 and 1912, respectively, 
DIAGRAM XXIV. 


Regression of Length of Lactation Period on Age. igtt. 
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being — ‘0827 and —-0379. The corresponding values of m4 are ‘1601 and ‘1359 
respectively. The regressions are non-linear, but this may be due to the nature of 
the selected sample rather than to a real departure from linearity (Diagrams XXIV 
and XXV, see also Table XXXI of Appendix). It was found that heifers and 
young cows under 4 years of age had significantly shorter lactation periods than 
older cows for both years 1911 and 1912. For the year 1911, older cows show an 
increase in lactation period with age until 8 years is reached and thereafter there 
is a decrease. For the year 1912, there is an increase in lactation period with age 
from 4 years to 13 years. See Diagrams XXIV and XXV. 


The rise in average lactation period in 1912 as compared with 1911 is of 
practical interest. The data for succeeding years would reveal whether or not there 
is a secular change in progress of duration of lactation period with age. 

(q) Age and Total Yield of Butter Fat. 

Regression of butter fat yield on age. 

The values of the correlation coefficients 7,4, are +°2381 and +°2650 for 1911 
and 1912 respectively, showing a fairly high correlation between these two factors, 
The corresponding values of nz, are ‘2855 and ‘2858, while the values of 
are 7°92 and 6°46 respectively, showing that there is a distinct deviation from 
linearity. Regression parabolae were fitted to the data for both years (Diagrams 
XXVI and XXVII). There are higher yields of butter in 1912 than in 1911, 


due mainly to longer lactation periods in 1912 when compared with 1911 (see 
previous paragraph). 


DIAGRAM XXVI. 


Regression of Yield of Butter Fat on Age. roti. 
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DIAGRAM XXVII. 





Regression of Yield of Butter Fat on Age. 1912. 
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(h) The Effect of Age and Length of Lactation Period on the Correlation between 
Quantity and Quality. 

As a preliminary study, a number of partial correlation coefficients have been 
calculated in order to see, for example, what the correlation would be between 
Percentage and Quantity for constant Age. These partial correlation coefficients 
however are based on the assumption that the regressions in all case are linear. 
This is true in a few cases, and in a number of cases the regressions are approxi- 
mately linear. In the following discussion the figures given are therefore such as 
would occur if linearity held throughout. In a future paper the correlations will be 
given corrected for age by referring to a standard age. 

When the correlation coefficient between quantity and quality for a constant 
lactation period is calculated, it is found that its absolute value is greater than the 
general value. For 1911 (see Tables IX and X) we have rpg. y= — *2459 compared 
with pg = —°1563, and for 1912 the corresponding figures are — ‘2483 and —-1625 
respectively. This means that if we eliminate the effect of the length of lactation 
period, there is, on the average, a greater fall in quality as the quantity rises than 
is the case irrespective of the duration of the lactation period. 


f we consider the value of the correlation coefficient for a constant age, we find 
that it falls from rpg = —*1563 to rpg. 4= — 0901. That is to say, there is a reduction 


in the relationship but the correlation is still significant. For 1912 the values are 
lpg = — ‘1625 and rpg, = — 0905. 

If we take into account both age and length of lactation period, that is, if we 
eliminate both these factors, we have again a negative correlation, the value being 
"pq. aw = — 1594 as against rpg = —*1563 for 1911, and rpg. sy =— ‘1629 compared 
with rpg = — 1625 for 1912. 
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TABLE X. 
Partial Correlation Coefficients. 


Complete Data. 



































Characters 1911 1912 
ro. —-0901 — 0905 
Vow .4 + °6042 + *6675 
Prw cz + ‘0607 +°0465 
VT 40 1 + “2 + “3167 
40 ” +° + “4628 
: —°Z — *2483 
Tap. ¢ = — °1920 
Varn *4 > — *2320 
ae +5642 +6319 
Fue — 3239 — *3340 
T w.p — "0732 ~— 0262 
eee —°1594 — 1629 
Pan es +°4113 + °4302 
Pic on | — +1358 — 1364 
Abridged Tables. 
lpg — *2372 
Tow. p + °5947 
| 
| 
| Curtailed Tables. | 
a ——— —E ee ee | -_ — -_ 
| | | 
Rin — 1159 | 1205 
l 40.1 +°1721 + °2244 
Vag. + °2940 | + °3505 
Yap — +2027 — +2016 
Pew | 2335 — +2532 
aie | — +1843 — +1833 
Tap.on — 1726 — +1598 
| | 
| | 
| Complete Data. | 
| tey.a® +2385 +°2591 
yee +°5965 + 6299 
| Tuna. 9 | +°3599 } + 3646 
| ara | + 6367 | +6628 


Abridged means no weeks above the 56 class taken in W and Q table. 
Curtailed means Q from 701 gallons. 
* (PQ) means P x Q. 
The true expression of the relationship between quantity and quality is that 
which gives it for constant conditions, that is to say, rpg. sy expresses accurately 
that relationship. The results show that, if we consider the relationship between 
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P and Q for constant age only, the relationship between these two factors is con- 
siderably decreased (—*1594 to —‘0901) and this decrease may therefore be ascribed 
to the operation of a variable lactation period. On the other hand, if we consider 
the PQ relationship for a constant lactation period and without considering age, 
the relationship increases (when compared with pg, sy =— 1594) to —*2459. That 
is to say, the effect of varying age with a constant lactation period is to increase 
the correlation between P and Q when compared with the corresponding correlation 





for a constant age and a constant lactation period. It is therefore natural to expect 
that, if the PQ relationship is considered without reference to age or lactation 
period—both these factors varying—the correlation found should be intermediate 
between rpg. 4=— 0901 and rpg. y =°2459, namely, rpg =—*1563, which closely 
approximates 1pg, gw = 1594. 

The reduction from rpg, sv =—°1594 to rpg, 4=— 0901 is seen to be due to the 
fact that there is a high correlation between W and Q (see page 152 and Table XX) 
and an insignificant correlation between W and P. Quantity is affected by length of 
lactation period while butter fat percentage is not. The net effect is to make the 
relationship between P and Q more of a random character when all lactation 
periods are considered for a constant age. 

The increase from rpg. gv = — 1594 to rpg. y= — ‘2459 is seen to be due to the 
effects of age on butter fat percentage and upon quantity. Since the correlations 
rp4.w and rey.y are high, it is natural to expect a less random relationship between 
P and Q for a constant lactation period, irrespective of age, when compared with 
the relationship rpg. gy, the correlation for a constant lactation period and a 


constant age. 


(4) The average total Butter Fat Yield associated with a Definite Age 
and a Definite Length of Lactation Period. 

A problem of practical importance is the determination of the average quaatity 
of butter fat obtained from cows of various ages and for varying lactation periods. 
The regression equations between age and other factors clearly show that the 
regressions are non-linear and parabolic regressions. On applying the test for 
linearity (Pearson, Skew Correlation and Non-linear Regression, Biometric Series, 


I. pp. 1—54, Drapers’ Research Memoir) the following results were obtained : 


TABLE XI. 


n-- 1 | gp» (n= — 17) - & | 

| | 
Age and Yield of Butter Fat ‘011461 ‘007338 | 
Age and Percentage } ‘O17962 010040 | 
Age and Quantity 016837 | ‘006377 

| | | 





It is clear from the above table that in each case a parabola would give a better 
fit than a straight line. Since the regressions are non-linear, an attempt was made 
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to find a multiple regression surface of the second degree in accordance with the 
method described by Rae in Appendix x1 of the Report on Twelfth Decennial Census 
of Scotland, 1911, Vol. 11. The results were unsatisfactory and the problem was 
then attacked in the following manner: Two sets of regression parabolae were 
calculated, the first set giving the mean yield of butter fat for any age of cow with 
various constant lactation periods, and the second showing the mean yield of butter 
fat for any length of lactation period with various constant ages. In this way two 
values of By (=yield of butter fat for a lactation period) were obtained for each 
combination of values of A and W, and although the agreement between these 
values is not completely satisfactory the differences are small throughout a large 
part of the surface. 


The means of the two values for each cell were now calculated and it is clear 
that these would not form a regular surface. The question may be put: Why are 
we not content with this new series of means ? 


The answer is twofold in character. Firstly, we want a single formula to 
predict yield of butter fat from age and length of lactation period for any given 
age and any given number of weeks in milk. Secondly, even as they stand, the 
values of By, found from the two series of regression parabolae will vary according 
to the actual numbers observed in the arrays of each series. For instance, it was 
found that the regression parabola for the class 50 weeks in milk diverged from the 
general run of parabolae for “weeks” classes, because of the small numbers of cases 
observed compared with the number of cases in the other arrays. It must be borne 
in mind that each regression parabola has been found independently of its neighbour, 
and we have as yet found no general equation based on the whole series of regression 
parabolae of ages for “weeks” classes or vice versa, or the means of these two 
series. We can however consider the problem of fitting a surface to these means 
by the method of moments which Pearson has shown (Biometrika, Vol. 11. p. 12 et seq.) 
to give theoretically good fits in ordinary curve fitting. As in the case of curves, so 
also with surfaces, goodness of fit depends more on the nature of the equation to 
the surface selected, than upon the number of constants for the surface. A model 
of the surface was prepared and from the nature of the surface obtained it seemed 
reasonable to suppose that a general equation of the second degree would give 
a good fit. 


For various values of (say) # and y we are given several values of (say) Z 
centering round the mean value. It is required to find a function f(xy) so that 
given a value of # and of y, z=f(«y) will adequately represent the most probable 
value of Z. We shall accordingly assume that f(«, y) is a polynomial of the second 
degree, Le. 


Z=Z, (a+b, 0 + boy + Copa® + Cyvy + Cary’), 
where Z,, a, b,, ete. are constants to be determined from the data by the method 
of moments. 
To obtain the necessary equations we follow Pearson ( Biometrika, Vol. 11. p- 12). 


Biometrika xxB : 10 
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Let 
oe { <<. a y ’ a ‘  (# /y (y 2 
a bo +m (7) + eu (7) ({) + (Z) 


\4 


xs , (4 ) 
+d (5) i C49 (7) bis 4 


the origin being at mid # array and the mid y array, 2/ the # range and 2s: the y range. 


h ”0 - (a 2p / \ 4 
We shall put Z, = J, = the mean observed. Multiply by (7) (Z) and 
equate the (2p, 2q)th moment of the observed Z to the integral 
_ “4h ["z a y\24 - 
2p Koa Z, y ie 
- r (7 (7) ( vay, 
which is the (2p, 2q)th moment of the theoretical Z. Thus we obtain 
[2p 24 (2p+1)(2g+1) ° (2p4+38)(2¢4+1) © (2p4+1)(2¢+3) 
+ as ‘ a : 
(2p + 5) (2g +1) (2p +3)(2¢+3) 7S" 
My, 2 
Let Azp, 24 = Mek . 
Therefore 
a 1 Co 4 Cos 
) P?d (2p + 1)(2g+1) (2p+3)(2¢g4+1) ) (2p4+1)(2¢ +3) AE Sav 
/a\2P+1 /ay\29 
If we multiply the equation by (5) (Z) ap abots ee taro 
Msp, 1,29 __ Z 212} 1 b, 1 d.,. ‘ dys " | 
[2p +1 20 0 (2p +3)(2g+1)° (2p +5) (2¢+1) © (2p +3)(2q 4+ 8) (> 
b, dsp 
or ro 


v+21= (2p + 3)(2q +1) * @p +5) (Qq+I) 
Similarly . 


; b, Pi a ‘ dos + 
Avp, 2q-1 = 2 By 3 my bees 
mat (2p +1)(2¢g +3) (2p +3) (2¢ +3) © (2p +1)(2¢ + 5) 
Cy é. 13 
and Ag, 


sais ; — ~ — + = 
Peer (2p + 3) (2q +3) (2p + 5)(2q¢ +3) (2p +3)(2q¢ +5) 

The 2’s are known and these are the equations to find the constants. Thus in 
the particular case where only the terms of the second degree are retained 
Coz 


Cas , 
(1) Aw=atoTty7 3: 
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These are six equations to determine the six constants from which we have 
a= Too a Lp (Azo + Ave), 
b, = SX», 

Sins 

Cy = 9An, 

Cop = 12 (Bray — Avo), 

Co = mh Srv — Ago). 


In applying the above to the means obtained from the two sets of parabolae the 


~ 
ts 
I 


ranges selected as being reliable in involving large numbers of observations were 
2 years to 11 years inclusive for age, giving 21=9 and 26 weeks to 50 weeks 
inclusive, for lactation period giving 2k = 8, 

In taking the means between the two sets of parabolae we obtain a series 
of points, and when adjacent points are connected by straight lines we have 
« bra; ezoidal solid which contains a number of systems of trapezia parallel to the 
«z plane and also a number of systems parallel to the yz plane. Accordingly we 
require to find corrective terms for the moments of the solid by Pearson’s method 
as given for moments of a system of trapezia (Biometrika, Vol. 11. p. 8). 

Suppose P, Q, R, S to be the tops of ordinates (our mean points) at 2,5, L41Ys, 
LriYsiay rYsi1- Let a straight line meeting PS and QR always parallel to the 
az plane move from PQ to SR. In so moving it will generate a hyperbolic 
paraboloid and we obtain the same solid whether we take the moving line parallel 
to the XZ plane and meeting PS and QR or parallel to the YZ plane meeting PQ 
and SR. It is clear that the inclination of the moving lines to the wy plane varies 
continuously. The following are the necessary corrective terms (see Biometrika, 
Vol. 11. p. 9), the notation being adapted where necessary to our special case : 

aM = aM, — Ly (Ymt Yo); 
aM, = aM — L, (Ym Yo). 
«M, is the rth moment of the trapezoidal area with constant age a. 

Similarly, wMy = ws — Lo (Yin + Yo): 

wM, = ~M, — L,( Yn — Yo): 

My = S (My) — Ly (wim + wo) 
= S(qMy) — Lo (am + ao), 

My = 8 (why) — Ly (wim — wo): 

My = 8S (aM,) — Ly (am — ao); 

My = 8 {(wM,) x a} — Ly (eYm — wo) 
= 8 {(aM,) x w} — Ly (aYm — aYo): 

Moe = Me — Le (wim + wo), 

Moy = My — Le (aYm + aYo)s 


. . (elle) 
W here Mes = S {M, x w"} + . 5) 
‘ 0 
S(,M, 
and yen a S {oM, x aw} + ) 


6 
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The values obtained from the data are 


Aw = 1 ; Noy = °3255465, 
Aw = 0439397, An = 0024236, 
An = ‘1006218, Noe = 3310849, 


2) = 257°4375. 


Hence we have the following values of the constants 


a = 1:0376323, Cy = — ‘0876019, 
b, = ‘1318191 Cy) = 0218124, 
b,= °3018654, Con = — 0252929, 


and the required equation is 


a ea “s i — ae 

Z = 267'1254652 + 33°9351795 j + 7h ae 147397 — 22°5520141 B 
+ 56155 097 “4 65118558 7 
+ oOLIDZY/ =|- — 0°9115009 F-, 
lk ke 


or, since l= 45 and k= 4, 
= 20771254652 + 7:5411510e + 19°4278684y — 1113679722 
+ 3119628ry —-4069910,7. 

The following Table (Table XII) shows (1) the means of values from the 
regression parabolae (Roman figures), (2) the values obtained from the above 
equation (Italic figures), and (3) the observed values (Heavy type). It is seen that 
the equation fairly describes the observations. 

The equation shows a range of yields of butter fat from 131 pounds for a cow 
two years old milking for 26 weeks to 373 pounds for a cow aged 11 years milked 
for 53 weeks. If we calculate this to butter containing the maximum amount of 
water legally permissible, viz. 16 per cent., we have a range from = . es 156 

84 
373 x 100 

84 
Plate II (Diagram XXVIII). The number of cows for each year of age, and weeks 
in milk are given in Table LXIX of the Appendix. 


pounds to = 444 pounds. A reproduction is shown of the surface on 


(5) Study of the Nature of the Classification practised by the Association. 

(a) Present Classification. 

We shall now consider, in the 1912 data, the nature of the classification made by 
the Association and the statistical differences between the classes created by that body 
and believed to be divisions of a practical nature. According to the Milk Records 
Association, the cows which fall into Class I and the heifers in Class II are regarded 
as “Good,” cows in Class ITI and heifers in Class IV are regarded as “ Intermediate,” 
and cows in Class V and heifers in Class VI are considered “ Bad.” (See Section I 
(2), for the definitions of the six classes.) 


In the records of 6648 cows and heifers, 4949 are classed as cows and 1699 are 


classed as heifers. The following table shows the numbers and percentages of good, 





| 
| 
| 





intermediate and bad cows and heifers according to the Association’s classification. 


a 
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DIAGRAM XXVIII. 
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Photograph of a Plaster Model showing the Total Yield of Butter Fat for Cows of a given Age 
and given Length of Lactation Period. 
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TABLE XII. 
Table showing the A verage Yield of Butter 


TOcHER 


Years of Age, 


Weeks : . 
in Milk | ” ‘ : } 
Roman type denotes means on 132°4 | 147°3 | 162°7 | 171°5 
from two sets of para- ~ 131°5 | 146°9 | 160°0 | 170°9 
bolae 135°0 | 157°9 | 159°0 | 166°4 
Italic type denotes means 155°8 | 168°3 | 183°7 | 192°6 
civen by surface calcu- 20 152°4 | 168°1 | 181°5 | 192°7 
lated from above means 162°4 169°3 186°6 196°3 
Heavy type denotes ob- 178°5 | 189°4 | 204°8 | 215 . 
served values 32 17 24 | 188°5 | 202°2 | 213 
189°4 | 189°6 | 204°0 | 220° 9 
195°2 | 205-9 | 222°3 | 234°6 
35 191°7 | 208°0 | 229-1 | 233-9 
193°0 | 204°0 | 223-2 | 232°8 
213°0 | 223°7 | 240°8 | 254°4 
38 210°] IIG-8 241° > D53°3 
208°3 | 221°0 | 240-1 | 254°9 
228°8 | 240°0 | 258°1 | 273°4 
1] DI¥ +" PAA? 2594 I¥1+9 
234°1 | 234°7 | 260°3 | 272°5 
| 246-1 | 257-9 | 276-5 | 293-1 
14 | 244°6 | 261°8 | 276°8 | 259°6 
| 243°6 | 257°3 | 276°5 | 301°2 
| } 
| 259-6 73°7 | 293°8 | 312°] 
17 IGO*G 8: 993° 306°5 
246°5 274°8 296°5 | 321°3 
70°6 | 288°9 | 311°3 331 3 
0 DVDS | 293° 309° »DD- 
260°9 | 295°1 | 306°0 
| 
TABLE XIII. 
1912 Data. 
Cows 
| Number Percentage 
: | | 
Good 2490 | 10°31 
Intermediate 2252 15°51 
Bad 207 1°18 
Totals 100-00 
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It will be seen that 50 per cent. of the cows belong to the good class, and over 
45 per cent. belong to the intermediate class, while about 4 per cent. are classed 
as bad. About 68 per cent. of the heifers are classed as good, about 29 per cent. as 
intermediate, and over 3 per cent. as bad. On examination of the table below 
(Table XIV), however, it is clear that at least 7 per cent. of the intermediate cows 
should have been classed as bad and a few should have been classed as good. 


A small number of good cows should have been placed in the intermediate class. 
TABLE XIV. 
Percentage of Cows and Heifers in each Class—1912 Data. 


















































Cows Heifers | 
Yield of Good | Intermediate | Bad Good Intermediate | Bad | 
Butter | & eT P a. 
Fat in | | | 
pounds No. | oe No. | Per | No Per No. | Per No | ve | No. | noe | 
| cent. | cent cent | cent, : cent. | | cent | 
| | | : | | | | | | 
10 | — | — | 37 | 164) 13] 628] — | — | 34] 6°85) 28 | 50-91] 
130 | 53 2°35 | 53 | 25°60 — 16 | 9:27) 24 | 43°64 
150 — | 62 | 2°75| 102 | 49-28 — 95 | 19 16 | 2 | 3:63 
170 | O04] 280 | 12°43] 39 | 18-84] — — | 140 | 28°23) — 
190 | 37 | 19°41 13 13] 173 | 34°88) 1 | 1°82 
210 5 | 20] 543 | 24-12 | 235 | 24:83) 51 1-01 | 1 aon 
230 6 24) 591 16°24 | —| — 241 | 20°99 1}; 2; — | — | 
250 395 | 15 86 | 245 10°88 =— 198 | 17°25 1 | a 
270 616 | 24°74 | 3] 13] — 142 head a | 
290) 167 | 18-76 | | | — 108 | 9-41 1} 2] — | | 
310 340 | 13°66} 1 ‘05 | 71 he | : 
221) 238 | 9°56 | — | | 35 | 3:05 _ | — | | 
350 152 | 610] = team 98 | 2-44] — | 
370 103 | 414] — | | *~ 42] 1:04) — | 
390 58 | 233) — | | e| a] —| — 
110 3 | 14 | — | 5 | 44 | | 
130 30 | 1°20 | is | 3| 26 _ | 
150 17 | -68 | | Mh ee 2d a 
170 7 1 108] — | — = oe | | | 
| | me Se ee 
| | | | | | | | 
2490 | 100°0 | 2252 100°0 | 207 | 100-0] 1148 | 100°0 | 496 | 100°0 | 55 | 100°0 | 
| | | | | | 


The frequencies in this Table are shown graphically in Diagram XXIX_ for 
Cows and in Diagram XXX for Heifers. 

A similar phenomenon is observed with respect to the classification of heifers. 
As many as 16 per cent, of intermediate heifers should be classed as bad and a few 
should be classed as good. The analysis, however, has been made in accordance 
with the figures of the Association. It will be seen that in each of the three classes 
there is great variability in the total yield of butter fat (number of gallons of milk 
containing 1 per cent. butter fat). Of the good cows, 59°36 per cent. give a total 
yield of butter fat for a lactation period of between 240 and 300 pounds, 35°78 per 
cent. between 300 and 400 pounds and 438 per cent. give about 400 pounds. 
Table XIV above shows the number and percentages of cows and heifers for class 
units of 20 pounds in the total butter fat distribution. 
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DIAGRAM XXIX. 


Total Yield of Butter Fat. Good, Bad and Intermediate Cows—1912. 
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the results: 


No. observed 
Mean 
8.D. 


. Qe. 


No. observed 
Mean 
S.D. 


C.V. 


No. obse1 ved 
Mean 
S.D. 


e.¥. 


No. observed 
Mean 
S.D. 


CV. 


Cows 
2490 
804°16 


136°53 


16-98 


Cows 


2490 
3°76 
0°32 


8°51 


Cows 


2490 
39°83 
6°16 
15°43 


Cows 


2490 
300°63 
16°44 
15°45 
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The means, standard deviations and coefficients of variation in each of the three 
classes for the four characters, yield of butter fat, length of lactation period, per- 
centage of butter fat and quantity, may now be considered. Table XV below shows 


TABLE XV. 


Means, Standard Deviations and Coefficients of Variation. 


1912 Data. 


Quantity. 
Good Intermediate Bad 
ti ce — [2 ssn 
Heifers Cows | Heifers Cows | Heifers 
| Se 
1148 2252 196 207 55 
654°22 568°18 136°09 | 418°96 | 306°82 
116°86 94°28 79°30 58:97 | 19°88 
17°86 16°59 1818} 14°08 16°26 
Fat Percentage. 
Good Intermediate | Bad 
= x | 
Heifers Cows Heifers | Cows | Heifers 
| 
1148 2252 196 | 207 | 55 | 
3°89 3°63 3°83 | 3°50 | 3°86 | 
O34 0°33 0°35 0°35 | O35 | 
8°74 9°09 9°14 10°00 | 9°07 


Length of Lactation Period. 





Good Intermediate | Bad 

| 
| us | . | az | : | oo | 
| Heifers Cows Heifers | Cows Heifers | 
| | 
1148 220% | 207 5D | 

11°68 - 30°91 28°29 
6°53 H64 | 5:60 | 

15°67 | 15-01 | 19°79 


T'ctal Yield of Butter Fat. 


Good Intermediate 


| Bad 
Heifers Cows Heifers Cows Heifers 
| = | 
1148 2252 | 86 } 207 | 55 | 
253°34 205°69 166-25 14614 | 121-64 
13°09} 30°99 25°74 16°23} 14°62 | 
17-01 15-07 | 15°48 11°11 12°02 | 
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It will be seen that the mean difference in yield of butter fat between good and 
intermediate cows amounts to 94°94 pounds, and the mean difference between bad 
and intermediate cows is 59°55 pounds. The corresponding figures for heifers are 
87:09 pounds and 44°61 pounds respectively. The distributions of yield of butter 
fat for good, bad and intermediate cows and heifers respectively, together with the 
means, are shown in Diagrams XXIX and XXX. It will be observed that there is very 
little difference between the mean percentages of butter fat among the three classes of 
heifers. There is only a mean difference of 0°13 between good and intermediate cows 
and the same between intermediate and bad cows. Striking differences, however, 
occur in the mean length of lactation period and in the mean quantity of milk for 
the three classes, With a long mean lactation period (40 weeks) good cows have a 
mean yield of 804 gallons ; intermediate cows, 34 weeks and 568 gallons; and bad 
cows, 31 weeks and 419 gallons. There is the least relative variability in the per- 
centage of butter fat—the coefficient of variation runs from 8 to 10 for all classes. 
In yield of butter fat, bad cows and heifers are relatively less variable than inter- 
mediate and good cows and heifers. Bad heifers have the greatest relative variability 
in the length of the lactation period. Heifers of all classes have a slightly greater 
relative variability than cows of all classes in total yield of milk (quantity in 
gallons) during a lactation period. 


(b) Classification of Cows. 


(1) It is clear that the division of cows and heifers into good, intermediate and 
bad, without reference to age of cow, and duration of lactation period, to mention 
only two factors, is an arbitrary division. This arises from the fact that a cow might 
be classed as intermediate because of its age and probably shorter lactation period, 
when it would really be classed as good when it reaches its maximum production. 
Take a simple example, as seen in the following table (Table XVI) which gives the 
mean production of total butter fat for various age groups. 


TABLE XVI. 





Mean Production of Butter Fat 
Age group during lactation period 
| (pounds) 
2—3 223°3 
1—8 240°8 
9—18 263°4 


Cows ought to be selected for maximum milk production at certain ages and 
only those which have long lactation periods. What we want to know in order to 
make a scientific classification into good, intermediate and bad is the variation in 
total yield of butter fat for constant lactation period and a constant age of cow, 
Such variations are considered under Section II (4). It therefore appears to the 
writer that the classification of greatest practical value to the dairyman must be 
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based on a table showing mean yields of butter fat for various lengths of lactation 
period and for various ages of cow. (See Table XII.) The author recommends this 
method, 

(2) If, however, the Association decides to continue measuring without reference 
to age or duration of lactation period, the milk yielding qualities of a cow by quantity 
only, in gallons of milk containing one per cent of butter fat or, what is the same 
thing as the writer expresses it, the total yield of butter fat during a lactation 
period *, it seems necessary, from the results, to reconsider the Association’s method 
of division into good, intermediate and bad cows and heifers. 


DIAGRAM XXXII. 


Total Yield of Butter Fat. Cows only—1g12 Data. Classification of Cows, Method (a). 
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The writer has considered three separate methods all based upon the variability 

of the distribution of total butter fat as measured by the standard deviation. 
Method (a). This method is based upon the idea of regarding as intermediate 
cows those approximating the mean value, the range being from (B—4o,) to 
(B+ 4oe,). These cows are truly intermediate in yield of butter fat. Those cows 
If B=number of pounds of butter fat during a lactation period, V=number of gallons of milk 
containing 1 per cent. butter fat, and W=10V =corresponding number of “pounds” of milk containing 


1 
1 per cent. of butter fat, then B =] 


x WwW. 
00 
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which are better than intermediate and which fall between (B+ 4e,) and (B + 2e,) 
can be regarded as good, while those above (B + 20) are excellent cows. Those 
which fall below the intermediate class and lie between (B—}oe,) and (B—2e,) 
must be regarded as poor cows, while those beyond (B— 2 ,) are certainly bad 
cows. This method has been applied to 4949 cows and 1699 heifers separately with 
the following results (see Diagram XXXI and Table XVII). 

If “good + excellent” cows are considered together as one grovp and the 
“poor + bad” cows are considered as another group, we have now three divisions, 
It is seen that about 29 per cent. of the cows are “good + excellent,” 39 per cent. 


TABLE XVII. 





















































Range of Yield of Milk No. of 
Class of Cow containing 1 per cent. "pas Percentage 
butter fat (gallons) F 
(1) Bad Below 1220 60 rs 
(2) Poor 1220—2190 1536 31°0 
| (3) Intermediate 2190—2830 1928 39-0 
(4) Good 2830—3800 1248 25°2 
| (5) Excellent Above 3800 177 3°6 
i dee ee | 
| Total 1949 100°0 
Range of Yield of Milk N 
. = ie No. of "ERS 
Class of Heifer containing 1 per cent. Heifers Percentage 
butter fat (gallons) : 
(1 Bad Below 1070 36 2°1 
(2) Poor LO7O—1940 544 32°0 
(3) Intermediate 1940—25380 604 35°6 
(4) Good 2530—3400 436 25°6 
(5) Excellent Above 3400 79 4:7 
| | 
Total 1699 | 100°0 











are intermediate and 32 per cent. are “poor + bad.” There are 30 per cent. 
“good + excellent” heifers, 36 per cent. “intermediate” heifers and 34 per cent. 
“poor + bad” heifers. From the point of view of the dairyman I think it is better 
to have a five-fold classification rather than a three-fold classification. This enables 
him to discriminate between poor and bad cows and between good and excellent 
cows. A similar method can be adopted for heifers. 

Method (b). All cows falling between B and (B + o,) are classed as intermediate 
as are also those lying between B and (B—,). Those lying between (B +o,) and 
(B + 2e,) are classed as good, while those beyond (B + 23) are classed as excellent. 
All cows between (B—o,) and (B—2e,) are classed as poor, and those beyond 
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(B —2c¢,) as bad. The distribution of total butter fat for heifers is treated in a 
similar manner. The following table (Table X VIIT) shows the approximate numbers 
and percentages falling into these classes (see also Diagrams XXXII and X XXIII). 
It will be seen from the table that the percentages in each class are practically the 
same for both cows and heifers. This remarkable agreement shows the validity of 
taking the standard deviation as the unit in each case. Of course the standard 
deviation in the case of cows is 64, while in the case of heifers it is 58 pounds. 


TABLE XVIII. 


1912 Data. 





r | 
lange of Yield of Milk a 
. 7s eee No. of . | 
Class of Cow containing 1 per cent. Cons Percentage 
butter fat (gallons) ; | | 
| 1) Bad Below 1220 66 | 1°3 
| 2) Poor 1220 —1860 | 727 | 147 
3) Intermediate | 1860—2510 1749 35°3) . 
: sa paaile mh | pars Ee 
t) Intermediate 2510-—3150 1662 | 336) | 
(oO Good 3150—3800 573 | 11°6 

6) Excellent | Above 3800 72 | 3°5 
| Total 1949 | 100°0 
. = es 
| Range of Yield of Milk ae 
| , : - Re No. of | > 
Class of Heifer containing 1 per cent.. Heifers | Percentage 
butter fat (gallons) | ‘ies | 
| | 
| } 
| 
(1 Bad Below 1070 | 25 | 1°5 
2) Poor 1070—1650 246 | 14°5 
3) Intermediate 1650—2230 623 36°7) @g.¢ 
t) Intermediat 2230—2820 546 | 32°10” 

5) Good | 2820—3400 204 12°0 | 
| 6 Excellent Above 3400 55 | 3°2 | 
| | | 
| | | 
Total | 1699 | 100°0 | 


If it seemed desirable to unite classes 3 and 4 into one class, this would have 
the effect of increasing the intermediate class. Uniting classes 1 and 2 as poor, and 
classes 5 and 6 as good, will give a three-fold classification: see Table XVIII. The 
range would now be from (B—a,) to (B+o,) for the intermediate, and we should 
have 69 per cent. intermediate cows, 16 per cent. good cows; 15 per cent. bad cows. 
The adoption of the five-fold method would create a greater stringency in getting 
into the good and excellent classes. The poor class would also be reduced while 
the bad class would remain the same. 
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Method (c). We can consider the whole distribution of'cows and heifers as one 
group. It should be pointed out that it is as rational to do this as to take cows of 
various ages and heifers of various ages and divide them separately into good, 
intermediate and bad. Such a division is shown in Diagram XXXIV. This 
method, however, would classify as bad with respect to butter fat certain poor 
cows because of the shorter lactation period and because of age, as well as other 
poor cows which are poor in themselves irrespective of duration of lactation period 
and age. 


DIAGRAM XXXII, 


Total Yield of Butter Fat. Cows only— 1912 Data. Classification 0:1 Cows, Method (4). 
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The effect of considering cows and heifers together is seen in Table XIX where 
the means, standard deviations and coefficients of variation are given. The differ- 
ence in total yield of butter fat between good and intermediate classes is now seen 
to be 87 pounds. The difference in quantity between good and intermediate is 
212°5 gallons and the corresponding difference between intermediate and bad is 
149°11 gallons. It is to be observed that this classification has practically no effect 
on the mean percentage of butter fat. 





150 


Frequency. 


Frequency. 


An Investigation of the Milk Yield of Dairy Cows 


DIAGRAM XXXIII. 





Total Yield of Butter Fat. Heifers only—1912 Data. Classification Method (é). 
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DIAGRAM XXXIV. 


Total Yield of Butter Fat. Complete Data, 
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TABLE XIX 


Cows and Heifers together—1912 Data. 






































| 


Quantity. 
- pion ) : - 
‘lace Number . Standard Coefficient 
Class | Observed | Mean Deviation of Variation 
| All Cows and Heifers 6648 | 654°20 172-01 26°29 
Good 3638 756°84 147°22 19°45 
Intermediate 2748 544°34 104°88 19°27 
| Bad 262 395°23 73°69 18°65 
s ————— a eee =< = = | 
Percentage. 
ies =e | Numb 4 Standard Coefii — 
‘lass Number | ’ Standarc oeticien 
Clas: | Observed | Mean Deviation of Variation 
| : ia oi : baal ER, atta) > 
All Cows and Heifers 6648 3°74 0°35 9°28 
Good 3638 | 3°80 0°33 8°73 
Intermediate 2748 3°67 0°34 9°38 
Bad 262 3°58 0°38 10°61 
a eS ees = = oa es eee 
Length of Lactation Period. 
——————_  _———— — a 
Class Number oo. | Standard Coefficient 
‘s Observed =— Deviation | of Variation 
‘eens ae Zs ey: a = 
| | 
All Cows and Heifers 6648 37°41 6°67 17°83 
| Good 3638 10°49 6°33 15°64 
Intermediate 2748 | 34°06 4°93 14°49 
| Bad 262 | 30°36 4°98 16°39 
Ex. = 
Yield of Butter Fat. 
ee | ee: = ee ae 
ae Number = | Standard | Coefficient 
Class Observed Mean Deviation | of Variation 
All Cows and Heifers 6648 243°77 64°39 26°42 
Good 3638 285°71 90°45 17°66 
Intermediate 2748 198°57 33°71 16°98 
Bad 262 140°99 18°77 13°32 














(c) Correlations of characters in the Good, Intermediate and Bad Classes. 


We shall now consider the variation produced in the correlations between the 
various characters by dividing the data according to the classification practised by 


the Association. We shall use 7 for comparative purposes as this is a more accurate 
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measure of the correlation. The following table (Table XX) gives the values of this 
constant and also the values of r. It will be seen that in most cases the value of 7 
is less for the whole population than for the “good,” “intermediate” and “bad” 
classes. In the case of quantity and lactation period the whole population shows a 
higher correlation than the three separate classes. The correlation rg, for good 
cows is lower than the corresponding correlation for the other two classes, indicating 
that “good” cows are less dependent on the duration of the lactation period for 
yield than the “intermediate” and “bad” cows. Between age and lactation period 


TABLE XX. 


Correlation Coefficients and Correlation Ratios—1912 Data. 








: : 
| All Cows | Good | Intermediate Bad 
2 = : ~ a | : 
10 4+"B418 | +4249 | 44504 
No.4 3656 1969 | 6568 
1 | 3487 1753 “4669 
se _ | } 
| 
Yat 2336 | — +2283 2749 - +3102 
Ne. 2693 2570 °3033 ‘4761 | 
“oe 2417 2385 2861 3268 
| | = 
ron — 0379 1321 | + -OB85 + ‘0882 
| aa *1360 “1G) * } ‘0978 “BL15 
Rew 1315 166 1137 1975 | 
Pn + -2650 + °3594 + °3383 + °3528 | 
Wn. } "2858 “4464 | “4750 *5bD88 
“ae -2709 “A517 3577 *B751 
| eS ” ae aes 
| Pre *1625 *4O85 — °*4556 6287 | 
Ny.t *1809 4150 “4583 6444 
Np.o 1726 4661 *4822 6736 
| r, + 0540 - 0273 ‘1170 2065 
Nw. ‘O763 ‘0779 “1448 “2769 
Dp.n “O990 *O794 *1400 "2656 
| Pon + 6139 +3845 +°5248 4+°4314 
| Nn *6300 ‘4172 | "5617 “4470 
| age ‘6205 | -3961 “5632 “5068 | 


a small negative correlation is indicated in the whole population, while in the three 
classes the “good” cows show a slightly larger negative correlation, and the “inter- 
mediate” and “bad” cows give a small positive value for r. Among the classes as a 
whole there is a tendency for the various characters to be more highly correlated, 
whether negatively or positively, in the “bad” class than in the other two. In 
the majority of cases the intermediate class shows a correlation lying between 
that for the good and bad classes. It is seen that the correlation between P and Q 
is negative in character and that, for the group of bad cows, the negative correlation 
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is very high, indicating that any increase in quantity is accompanied by a higher 
drop in the percentage of fat in this group than in the other two groups. The value 
of rpg for the whole population is a low negative quantity, indicating that, in 
general, an increase in quantity is accompanied by a slight decrease in the per- 
centage of butter fat during a lactation period. 

(d) Results from Combined Data for 1911 and 1912. 

A study of the 1911 and 1912 data was made in which the cows were ae 
into three age groups, namely, Group I (2—3 years inclusive); Group IT (4— 
years inclusive); and Group III (9—18 years inclusive). Table XXI ei 
shows the results of this analysis. Looked at from this standpoint it will 
be seen that there is a progressive increase with age in the mean quantity 
during a lactation period. Group II has a greater mean yield than Group I by 
80 gallons, while Group III has a greater mean yield than Group II by 77 gallons. 
Group IIT, however, is the most variable group, and Group I is the least variable. 


TABLE XXI. 
Means and Standard Deviations—1911 and 1912 Combined Data. 


Total Yield 




















‘ a Jorcentace * 
Quantity Perce ntage Weeks ok Bicteer 
(gallons) ot Fat " : 
. . Fat (pounds) 
Age Groups N a a 2 Sea 
| | | : | 
Mean | Ss. D. Mean} 8.D.| Mean | 8.D.| Mean 8. D. 
| | 
aa ees aes | | | a a 
| | t. 
| I. 2—3 years inclusive* | 2784 | 570°70 | 148°34 | 3°87 | 0 34 | 38° oo "25 | 219°94 90 
| Il. 4—8 years inclusive | 6709 651° “05 | 16131 | 3°71 | 0°33 | 36-49 | 13 | 240-79 61 ‘07 | 
| | 
III. 9—18 years inclusive | 1854 | 728-40 | 172°66 | 3°62 | 0°31 26°85 | 65 6 | 263-40 | 6 a 
1V. 4—18 ye ars inclusive t | 8563 | G67 “80 | 166°28 | 3°69 | O32 | 36% 56 | 617 245°69 | 6 2°39 | 
ae | | : al | a aoe | | 
* Total Heifers. +t Total Cows. 


Of course selection again appears here as a factor, the good older cows (good from 
the point of larger yield) are kept for dairy purposes. The mean percentage of 
butter fat is highest in Group I and lowest in Group III, while Group I has the 
longest lactation period. The most instructive result is that which shows the mean 
total yield of butter fat for a lactation period in these three groups. The yield is 
lowest in Group I (220 pounds) and highest in Group III (263 pounds), a difference 
of 43 pounds in favour of the group of oldest cows. 

When all cows are considered (4—18 years) it is seen from the table that the 
mean quantity in gallons for the whole group of cows is only slightly greater than 
the corresponding mean for Group II (4—8 years). The mean percentage of butter 
fat and the mean length of lactation period are practically the same as for the 
4—8 years group. The mean yield of butter fat for all cows is only 5 vounds 
greater than the mean yield for cows in Group IL. 

A study of the correlations for various pairs of characters in each of the three 
age groups shows that, so far as age is concerned, the only significant correlations 
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are those between age and total yield of butter fat and age and quantity in 
Group II (4—8 years). The correlation between quantity and total yield of butter 
fat is high and is practically the same for the three groups (0°93). The correlation 
between length of lactation period and total yield of butter fat is highest in Group I 
(0°73) and is lowest in Group III (0°64), owing to the slight falling off in the mean 
percentage of butter fat among the older cows, and to the falling off in the mean 
length of lactation period among older cows. In Group I, where the cows are 
practically all the same age, there is a significant negative correlation between 
quantity and percentage of butter fat (—0°165). There is practically no correlation 
between these two factors in the other two groups. When the correlation between 
quantity and total yield of butter fat is considered for a constant length of lactation 
period, it is found that practically the same value is obtained in the three groups, 
namely, 0°85, 0°89, and 0°88. The table below (Table XXII) shows the values of 
the correlation coefficients for the three groups 


TABLE XXII. 
Correlation Coe pnento—S9RE and 1912 Combined Data. 








| 

| 
Characters ‘ante i | Group Il | _Grosp on 

(2—3 years) | (4—8 years) | (9—18 years) 
| 

| | 
| Age and Quantity — | *2606 | — 0415 
Age and Butter Fat | — “2110 | - 0371 
Ace and Weeks -- ‘0411 | — 0267 
Age and Percentage of Fat — ~ °1227 } “0084 
Quantity and Percentage — °1653 | ‘0932 | — 0077 
| Quantity and Weeks 7232 6431 | 6735 
Quantity and Butter Fat ‘9320 | 9356 9213 
Weeks and Butter Fat °7322 6467 6373 
| Butter Fat and Quantity for a 8533 | 898 | 8779 

constant number of weeks 


The combined data 1911—1912 for heifers (Group I) were now studied with 
respect to yield. The heifers were divided with regard to yield into good, inter- 
mediate, and bad classes in accordance with the class limits of the Milk Records 


Association. The following table (Table XXIII) shows the results of this analysis 


TABLE XXIII. 
Heifers 1911 and 1912 Combined Data. 


Bad 


Quantity Percentage , lotal Yield 
. . . Weeks of Butter Fat 
(ga of Fat 
} (pounds ) 
N 
| | 
| Mean S.D Mean | 8. D Mean 8. D Mean | S.D. } 
| 
| | 
| 
| 
Good 1802 | 648'97 113°86 | 3°89 | 0°33 11°36 | 6°43 | 251°65 11°53 
| Intermediate S22 152°46 9-4 3°82 0°34 34°34 | 4°51 171 ) 
3° 84 | l 
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for the four characters studied. There are striking differences in the mean quantities 
of the three classes but there is very little difference in the mean percentage of 
butter fat. There are striking differences in the mean length of lactation period 
and in the mean total yield of butter fat. The mean difference between the good 
and intermediate classes for yicld of butter fat is found to be 80 pounds compared 
with 87 pounds for the 1912 data, while the mean difference between intermediate 
and bad for the same character is 58 pounds compared with 45 pounds for the 
1912 data. When we consider quantity, the mean difference between good and 
intermediate is 197 gallons for the 1911 data compared with 218 gallons for the 
1912 data, and the mean difference between intermediate and bad is 145 gallons 
compared with 129 gallons for 1912. The mean difference in length of lactation 
period between good and intermediate is 7 weeks compared with 8 weeks for the 
1912 data, while the corresponding differences between intermediate and bad are 7°5 
weeks and 5 weeks respectively. 
DIAGRAM XXXV. 


Regression lines of Percentage on Quantity. 
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The effect on the relationship between quantity and percentage, of dividing 
heifers into good, intermediate, and bad classes, can be seen by a study of Diagram 
XXXV. The correlation between quantity and percentage of butter fat is seen to be 
least in the case of the good class and greatest in the case of the intermediate class. 
It should first be noted that for all heifers r is — ‘1653, indicating that with an 
increase in quantity the percentage of butter fat on an average tends to decrease 
(see also pages 152 and 153). When the heifers are separated into the three quantity 
classes of the Association, it is found that the average percentage of butter fat 
associated with quantity rapidly decreases with increased quantity and the same 
holds good with regard to the intermediate class. When the relationship between 
percentage and number of weeks in milk is considered (Diagram XXXVI) it is 
seen that for the bad and intermediate classes there is a distinct tendency for the 
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DIAGRAM XXXVI. 
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DIAGRAM XXXVII. 


Regression lines of Total Yield of Butter Fat on Quantity of Milk. 
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average percentage of butter fat to fall the longer the lactation period. When all 
heifers are considered together, there is no appreciable difference in the average 
percentage of butter fat for varying lengths of lactation period. In other words, the 
length of lactation period does not affect the average percentage of butter fat given 
by any heifer. It is seen that bad and intermediate heifers have shorter lactation 
periods and that the average percentage of butter fat does depend to a slight degree 
on the length of the period. When total yield of butter fat is considered with 
respect to yield of milk, r is found to be 0°93 for all heifers while the corresponding 
correlations for the three classes are slightly less, that of the intermediate class 
being lowest, namely, 0°74 per cent. A reference to Diagram XXXVII shows the 


DIAGRAM XXXVIII. 


Regression lines of Total Yield of Butter Fat on Weeks. Good, Bad and Intermediate Heifers 
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nature of the trend for the three classes »nd the general trend for all heifers. 
When the total yield of butter fat is considered with respect to length of lacta- 
tion period it is found that for all heifers the correlation is highest, namely, 0°73. 
The correlations are considerably reduced when the heifers are divided into good, 
intermediate, and bad classes. The intermediate class has the lowest correlation, 
namely, 0°41; that is to say, the duration of the lactation period has least effect 
on total yield of butter fat in the intermediate class. For the good class the 
fo 
lactation period than the intermediate class. In other words, a considerable number 
are giving high yield of butter fat for a shorter lactation period. The regression 
lines of total yield of butter fat on weeks are shown on Diagram XXXVIITI. 


correlation is 0°58, showing that the good class is less affected by the length of 
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(6) Study of the Nature of Selection among Ayrshire Cows in the Records. 


(a) Deduction of the Relationship between Quantity and Age in an unselected 
Population. 

In considering the problem of selection, it is necessary not only to study the 
nature of the distribution of quantity for 1911 and 1912, but also to consider the 
effect of a selected distribution of quantity upon the values of the correlations between 
age and quantity. It was found on examining the distribution of age both for 1911 
and 1912 that a distinct drop in the numbers occurred in passing from three to four 
years of age. The explanation of this drop, as furnished by those engaged in the 
practice of dairying, is, that those heifers and young cows found to be poor milkers 
are sold and are therefore not kept for further milk recording. We have to bear in 
mind that we are dealing with recorded yields and there may be an indisposition 
on the part of dairy farmers to furnish records of low yielding cows. If that is the 
case, there must therefore be an absence of a number of low yielding cows in the 
records of the Association. Thus, the records of the Milk Records Association may 
not be a random sample of the whole of the cows in the country. They are selected 
in the sense that a certain number of low yielding cows may be excluded. Confine 
our attention, for instance, to a low yield of 250 to 300 gallons for a lactation 


period and we have the following numbers at the stated ages for 1911. 


TABLE XXIV. 


Years of Age 
Number of 


] , 
Gallons | Sd a = Si a Total | 
| 


250—300 


Thus there is a total of 19 cows giving total yields corresponding to the mean 
value of 275 gallons for a lactation period. Is it reasonable to suppose that there 
will be no cows of six, seven, or eight years of age yielding up to 300 gallons? 
Is it reasonable to suppose that cows yielding from 250 to 300 gallons when young, 
will, when they reach five or six years of age, yield a sufficiently greater quantity 
of milk during a lactation period to place them in a category higher than 
300 gallons? Of course the explanation is that these low yielding cows are sold off 
and do not appear in further records. Is it possible by modern statistical methods 
to arrive at the true correlation between age and quantity in an unselected population 
from a knowledge of the correlation between these factors in a specially selected 
population ? It is necessary to consider this problem because it might be contended 
that the whole of the relationship between age and quantity is due to the fact 
that mainly older cows are selected because of their higher yields and the poorer 
cows have been rejected. We must therefore endeavour to ascertain whether it can 








be established that there is a relationship between age and quantity, irrespective of 
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any action of selection. It may not be possible to give an exact figure to the degree 
of correlation between the two factors, but it will be sufficient for our purpose if we 
establish that there is naturally an increase in the average yield of milk as the 
cow gets older in an unselected population of cows. 

The problem may be discussed in the following manner. Let rg, = correlation 
coefficient for the whole unselected population; og = corresponding standard 
deviation of Q (yield); o4= corresponding standard deviation of A (age); Q = mean 
of Q distribution; A =mean of A distribution. Further, let pg, = correlation co- 
efficient from a table of values of Q and A, for values of Q upwards from a point 
below which selection as to yield is taking place and for all values of A for these 
values of Q; sg and s, the corresponding standard deviations of Q and A, and 
Q and A the corresponding means. We can find pg4, 8g and s4; the problem is to 
find 794, og and o, for the whole unselected population, and also to find Q and A. 
The values of og and Q may be found by the method described by Pearson and 
Lee (Biometrika, Vol. vi. p. 59). Thus the unknown constants left are rg4, 74 and A. 
The solution to the problem is found by applying the method described by Pearson 
(Biometrika, Vol. Vut. pp. 437—443) to this particular case. Let A’, = mean of 

DIAGRAM XXXIX. 


1gt1t Data. 


Regression of Age on Quantity (from Q=625 gallons upwards . 
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A array for class Q in the curtailed distribution and A’g=any value of A in that 
array. The regression of A on Q is linear. (On applying the y? test of Goodness of 
Fit, the value of P was found to be P = ‘30 for 1912—see Diagrams XX XIX and 
XL) and therefore, for the whole unselected population, 


A'g= A+ rea 54(Q-@. 


We have therefore the following three equations necessary to find A, oy 
and 1g4: 


é 2 oa 2 ie. © 
(3) o4-04= g, 7 oP aa 
+ * = 
From (2) and (3) we get 
P49 = #4 ( BD ans P’e4)- 


Now for the whole unselected population the corresponding equation is known 
to be 


oc 
Ag 

Thus o*, can be found and finally 

8 oA 
"eu 1/- 1+-2,_—% 
{ ag (84 - #4)! 
[t is assumed from Diagram XLI that the scedastic curve, o°, 
respect to Q, that is, O74) = A + 4Q, and therefore 


= Oo", (1 = 194): 


, is linear with 
Q 


> 2 
, 20) oa 
Co, = - = + a,¥. 
Ag = (Ng) e 


DIAGRAM XLI. 


Regression of Age Variance on (Quantity. 
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As our object is not so much to determine the exact correlation between Q and 
A in an unselected population as to determine whether there is or is not in fact 


* Phil. Trans. Roy. Soc. Series A, Vol. 200 (1902), pp. 1—66, ‘* On the influence of natural selection 
on the variability and correlation of organs” (Pearson). See pp. 19 and 21, where we have the following 
theorem: If an organ has been modified only by indirect selection, then its partial regression co- 
efficients on any complex of other organs, however large or small, provided it includes all the directly 
selected organs, will remain unchanged by the selection. 
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a significant correlation between an unselected Q and an unselected A, the Q dis- 
tributed was truncated at Q = 600 gallons, below which there is certainly selection, 
and the various constants found. The values of the constants are given in Table XXV 
below. They show that Q is a function of age in an unselected population. 


TABLE XXV 








Values of Constants to find ra,. 
Constant Q So A Sy Pos 
Value Found 759°5 126°8 6°30 2°72 2071 
Constant Q To "fe o 4 Tos 
Value Found 174-0 248°5 6-58 2-79 3951 











It is of course clear that, owing to the skewness of the distributions of Q and A 
in the selected population, any relationship between Q and A in the unselected 
population will be more or less non-linear in character. Hence the value of rg, just 
deduced for the unselected population, being significantly greater than zero, is only 
of the nature of an average value. 


(b) A verage Yield per single Milking contrasted with A verage Yield per Milking 
for entire Lactation Period. 

It is, however, of interest to note that the data collected at the instance of the 
Scottish Interdepartmental Committee on Milk and analysed by the writer* are 
data from a practically unselected population, the cows being drawn at random from 
all parts of Scotland. But it should be remembered that (i) the quantities recorded 
were yields per single milking, (2) many of the cows were at the earlier stages of 
their lactation periods, and (3) the cows had calved at various months throughout 
the year. For such cows, unselected as they were for butter fat percentage, yield, 
breed and age, there is a distinct correlation between Q and At. The regression is 
non-linear and the particular values of yield for various ages hold only for such a 
group of cows. The fact however to be specially noted is the positive correlation which 
clearly proves that in an unselected population, Q is a function of age, a result which 
we have just deduced as highly probable from the selected population of the Scottish 
Milk Records Association’s cows. 


As has just been stated, the yield in the case of the Interdepartmental data was 
yield per milking and not the average yield per week or per milking for an entire 
lactation period, which latter was the yield found from the Scottish Milk Records 
Association data. The exact difference due to selection between an unselected and a 
selected population cannot therefore be arrived at from the above two sets of data, 
although we know from the foregoing results that quantity of milk is a function of 


* 6s 


Variations in the Composition of Milk” (H.M. Stationery Office), p. 54. 


+ There is a falling off in yield among unselected cows after 7 years of age. Among selected cows, 
yield steadily increases up to 10 or 11 years of age. 
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age in both populations. And the reasons are perfectly clear. In the first place, 
daily yield per cow is also a function of the stage of lactation. It is seen, in the 
case of cows calving in April, to be highest shortly after calving and it falls gradually 
during the lactation period (see Diagrams LX XXII and LX XXIII). In the second 
place a reference to Table CXII, p. 174, Interdepartmental Monograph, shows that 
there is, in this group of cows, a relatively high number which have been a few 
weeks in milk. They therefore have relatively high daily yields. The corresponding 
proportion of cows a few weeks in milk is very much smaller in the Scottish Milk 
Records data. The proportions in the latter are very much higher at the later stages 


of the lactation period than the proportions present in the Interdepartmental data 


DIAGRAM XLI(A) 
Yields—Scottish Random Data and Milk Records Data contrasted. 
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(see Table LX VI of Appendix). And there are other reasons. Thus until we have data 
from both sources, of cows of the same breed, age, number of weeks in milk, and 
with approximately the same date of calving, no proper comparison can be instituted 
to show the intensity of selection. All we can do from our two sets of data is to show 
by way of contrast the average values of yield per milking for each age alongside 
the curve of average yield per milking over a whole lactation period from the 
Scottish Milk Records data. In the above diagram (Diagram XLI 4A) the average 
yield over an entire lactation period per milking for cows at each age from 3 to 
18 years (S.M.R, data) is given and contrasted with the yield per single milking 
(Interdepartmental data). See also Table LX VIIT of Appendix. Both forthe Scottish 
Milk Records and the Interdepartmental data the cows had been in milk from 25 


to 42 weeks. This range of weeks was chosen since, as will be seen from the 
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accompanying table (Table XXVI), cows with a complete lactation period of 
between 25 and 42 weeks and calving in various months of the year give a practically 
constant average yield per week. The diagram clearly shows that average yield per 
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TABLE XXVI. 
Se ts ee ae 
Weel Average Yield 
— per week 
| in Milk etn 
26 185 
| 29 18°4 
32 18°7 
35 18°5 
38 18°8 
41 18°8 
_ © 
DIAGRAM XLI (B). 





Yield of Milk per Week for Cows of Various Ages in 1912 and 
1923—Good Cows, i.e., Cows yielding above 250 pounds Butter Fat 
for Lactation Period. 
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single milking for cows of various ages, milked at a definite stage between 25 and 
42 weeks from calving, cannot be accepted as a measure of the average yield per 
milking over the whole period of 25 to 42 weeks. 


(c) Selection for Yield between 1911 and 1920. 


While, as already stated, we cannot measure accurately from the data the 
difference between milk yield and the yield of butter fat in an unselected and the 
corresponding yields in a selected population, we can at any rate give a measure of 
the effect of selection between 1911 and 1920 for cows of all ages in the Milk 
Records population. The 1920 data for yields, however, as given in Table XXVIII 
are not directly comparable with those for 1911 since the recorders used the 
Association’s “old method” of estimating yield in 1911, while in 1920 they used 
the “new method.” It will be shown later (see p. 203) that by the recorders’ use of 
the “old method” there is an average overestimate for the lactation period of 1:23 
gallons or 0°162 per cent. of the average yield, whereas by the recorders’ use of the 
“new method” there is an average overestimate of 26°07 gallons or 3°424 per cent. 
of the average yield (see page 202). The comparable 1920 yields were therefore 
determined by reducing the overestimate of 3°424 per cent. to an overestimate of 
0°162 per cent. the latter figure being the overestimate by the old method as found 
from actual daily yields. The average lactation period in 1920 was 37°45 weeks, the 
corresponding figure for 1911 being 36°78 weeks. The corrected average yield for 
1920 was therefore found for 36°78 weeks, for comparison with the 1911 yield. The 
following table gives the comparable figures for the two years 1911 and 1920. 


TABLE XXVILI. 


a 1911 | 1920 
| Character (Total 4591) | (Total 4912) 
| | 
| 
Average Yield of Milk for Lacta- 
tion Period in gallons 634°8 | 662°9 
Average Yield of Butter Fat for 
Lactation Period in pounds 236°1 252°5 


This table shows that there is an increase of 28°1 gallons or 4°4 per cent. in the 
average yield of milk between 1911 and 1920. The increase in the yield of butter 
fat amounts to 16°4 pounds or 6-9 per cent. There is thus clear evidence from the 
data, of a progressive rise during the period from 1911 to 1920 in yield of milk and 
in total yield of butter fat among the herds of the Scottish Milk Records Association. 


It is, however, evident from these results that a complete statistical analysis of 


comparable data for each year from 1908 onwards to 1928 should be carried out in 
order that a quantitative measure of the extent of the improvement, due to selection 
at various ages, may be obtained. The results of such a statistical analysis would 
form a valuable guide to milk producers. 
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(d) Selection of Good Cows for Yield between 1912 and 1923, 


The printed records of the Scottish Milk Records Association from 1924 onwards 
show only the records of good cows with a milk yield equivalent to not less than 
2800 gallons containing one per cent. of milk fat. The year 1923 was the last year 
in which a list of good cows with a minimum yield of milk for a lactation period 
equivalent to 2500 gallons containing one per cent. of milk fat was printed in the 
Report on Milk Records. It is possible to measure the intensity of selection for 
yield among those good cows by comparing the average yield per week for all good 
cows for 1912 and 1923. It was found that 762 good cows appeared in the Report on 
Milk Records for 1912 as having completed lactation periods. The data were classi- 
fied according to age of cow and yield per week both for 1912 and 1923. Two 
samples of 762 with the same age distribution as 1912 were taken at random from 
the 1923 records. 


It was found that the mean yield per week for the 1912 group was 19°80. The 
corresponding mean yield for 1923, corrected to give comparable yields by the “ old 
method” was 20°43, an improvement on the average of 0°63 gallon which is over 
three times the standard error between the two means. This difference must be 
regarded as significant. In other words, there has been a significant increase, 
on the average, in the yield of good cows from i912 to 1923. Diagram XLI B 
(p. 163) shows the observed and theoretical results for both groups. It will be 
seen from the diagram and also from Table LX VII of Appendix that there has 
been an improvement by selection for yield for cows from 4 to 11 years of age. 
Here again it is desirable to emphasise the necessity of having the whole of the 
Scottish Milk Records tabled for each year in order to perform a statistical analysis 
for the purpose of revealing the extent of the improvement in yield and the increase, 
if any, in the percentage of butter fat. 


Ill. Srupy or THE 1920 REcoRDS AND COMPARISONS 
WITH 1909 RECORDS AND OTHER DATA. 


(1) Means and Standard Deviations. 


The means and standard deviations of the various characters were determined 
and are given in the following table (Table XXVIII), together with the corre- 
sponding results for the years 1912, 1911 and 1908—1909. The results for the 
years 1908—1909 have been calculated from figures for the two years combined 
given by Pearl in the Jowrnal of Agricultural Research, Vol. xvu. No. 6, already 
referred to in the introductory section. 


It will be seen from the table that the average length of lactation period varies 
from 36°78 weeks to 37°45 weeks. The average percentage of butter fat during 
a lactation period rose from 3°69 in 1908—1909 to 3°81 in 1920. The figures for 
1911 and 1912 were intermediate between the two extremes. Of far greater importance 
are the increases in the total yield of milk for a lactation period and in the total 
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Character 


Age in Years 


. Length of Lactation Period 


in weeks 


3. Percentage of Butter Fat 
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week in pounds 
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| (Total 4912) 
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(Total 4591) (Total 6935) 
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6°42 | -—— — 
17:26 | 16°49 | 3°33 
|_| 
pai 158°73 _- -- 

















* No heifers were included in the 1920 data. 


yield of butter fat for a lactation period. These are specially considered in the 


previous section (p. 164). The mean age for 1920 is 6:2 years, while the corre- 


sponding values for 1911 and 1912 are 6°31 and 6:19 respectively. In other words, 


the mean age of cow is practically constant for the period under review. 


(a) General. 


(2) Frequency Distributions. 


Of the five characters studied, four were* found to have distributions which 


were adequately represented by Type IV, Pearsonian curves. These four were: 


average percentage of butter fat during a lactation period, length of lactation 


Values oF 


| a 
Character rN I ; lass} 
nit = 
Age in Years | 1912 ] | 1°S77 
Average Percentage | , 
g g 912] 95 | 1-9 
Butter Fat ts) “SS a-201 
Average Yield per | ac x 
Week in gallons = | ers tics 
Length of Lactation | ,, 
geh of Lac i912) 3 +! 
Period in Weeks | A912 A510 
Average Yield of | 
Butter Fat per | 4912 “5 6°952 


Week in pounds 


TABLE XXIX. 


i Frequency Constants and Nature of Curves 


M4 


$28°708 


78°390 


L66°857 


‘110 | 3°313 


*200 | 3°85 


°159 | 3°380 


fitted to Distributions. 


| 


ka | Mean | Mode 


+ on 


95! 6:22 
03 | +81 | 
8 | 18°61 | 
14 | 37°45 
L | 7°09 


(1920 Data.) 


| ee | Curve 
| ness fitted 
| 
18 | 93 | Type | 
| | 
3°79} 08 | Type LV 
18°10 "15 | Type IV ( 
38°52 | —'17 | Type IV| 8 
| 
6°85| 18] Type lV 
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period, average yield of milk per week during a lactation period for various ages, 
and average yield of butter fat per week during a lactation period. 

The distribution of age was found to belong to the group of curves known as 
Type I. Table XXIX shows the values of the frequency constants for age, weeks 
in milk, butter fat percentage, and average yield of butter fat per week, irrespective 


of age of cow (Diagrams XLII to XLVI). 
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DIAGRAM XLII. 
1920 Data. 4912 Ayrshire Cows. Age Distribution, Type I Curve, 
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With respect to butter fat, a point of practical interest is the proportion of the 
whole number of cows which show an average percentage of butter fat during a 
lactation period of less than three per ceut. In view of the present Regulations of 
the Ministry of Agriculture and Fisheries and of the Board of Agriculture for 
Scotland, respectively, it is clear that these poor cows should be eliminated from a 
herd. During a large portion of their lactation periods the milk of cows of this 
group reduces the quality of the bulked milk of the herds to which they belong. 
The writer has shown in another monograph* that the quality of bulked milk, as 
measured by the percentage of butter fat, depends very largely on the size of the 
herd whose milk is bulked for sale. The information supplied by the Scottish Milk 
Records Association enables dairymen to eliminate a bad cow at the end of its 
lactation period. The dairyman knows from the records the average percentage 


of butter fat obtained from periodic tests, the results being averaged at the end of 


‘*Variations in the Composition of Milk,” H.M. Stationery Office, Edinburgh. 
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the lactation period. He can raise the standard of quality in his herd by the process 
of elimination. This elimination, however, must be carried out, giving due con- 
sideration to other factors such as breed and age of cow. 


(b) Analysis of Monier-Williams Data, 


Dr G. W. Monier- Williams has kindly supplied the writer with raw data giving 
the results of analyses of milk for percentages of butter fat in a large herd of cows 
—65 in number. The data consist of the percentages of butter fat found from 
samples of the morning and evening milk of these cows taken over a definite period. 
My statistical examination of the Monier-Williams data reveals the fact that the 
percentage of butter fat in morning milk is significantly less than the percentage 
of butter fat in evening milk. The average figure for morning milk is in the 
neighbourhood of 3:2 per cent., while the corresponding value for evening milk is 
in the neighbourhood of 4 per cent. 


Since butter fat percentage is a function of age, it is clear that the fitting of 
frequency curves to butter fat has no physical meaning, the material being more 
or less heterogeneous. Monier-Williams* as a first approximation fitted normal 
curves to these distributions but it appeared to me on an examination of the data 
that the distributions were skew and not symmetrical. I therefore analysed the 
data to find the best fitting curves to the various distributions, in order merely to 
give the best possible description of the data. The best fitting curves were found 
mainly to ke Type IV curves and not normal curves. 


Out of thirteen series, one Type I curve was indicated and one normal curve, 
while the remaining eleven were Type IV curves. The table on the following page 
(Table XXX) shows the results of our analyses of the data supplied by Dr Monier- 
Williams. The best fitting curve of the series is No. 3 in the table—the morning 
milk of the complete herd for the whole period under review. Series No. 13—Il airy 
Company, Newcastle—is also a good fit. It will be seen that the fit is very bad in the 
cases of Nos. 10 and 11. Only in one case is the fit good for the Dairy Company’s 
distributions, viz., No. 13. Several factors would affect the goodness of fit, including 
age of cow, stage of lactation period, length of interval between milkings and the 
degree of selection practised by the owners of the herd, and thus the bad fits are 
indications of the extent of the heterogeneity of the data. It will be seen that the 
coefficients of variation in the case of the Moundsmere Herd run from 14°9 to i9°8, 
In the case of Lanark group, the corresponding figure is approximately 16. In all 
these cases, the samples were individual cows. The remaining series were samples 
from bulked milk and it is natural to expect a smaller coefficient of variation in 
these cases. The values range from 8°5 to 12-4 (Diagrams XLVII—LIX). There 
does not appear from the data to be any significant difference between the milk 
from cows fed on winter rations and the milk from cows when they are grass fed. 





This statement refers only to the percentages of butter fat, as we have not 
examined the data for yield. 


‘*An Examination of Certain Milk Records,” Analyst, June, 1920. 


Biometrika xx} , 12 

















“SMO [BLDADS JO A[IU poxtur oT} JO sojdures o18 ‘aAsn[oul ET—6 $ga00 [VNPIAIPUL WOTJ sojdures 18 ‘OAISN[OUL 8—T « 



































| 
% | 
shies | — aa ; FOR - Q[FSVOMON } 
. Z 6 .G—-9.Z 9G. | . " " ; ‘ & ) : Re. 
8 16. | @9 | 0:-9-9-G | 19¢-€ | [10 | 0-6 | £00-—-GhE- | PLO. | 908% LIFT | H | syouaep ‘9 09 Aare, “eI | 
‘ | lalla ee . a . > i — a = an | OTISVOMI NT | 
“a 10+ | 6-6¢ | 9:F—Z-6 OFO-& | €€0- 9-6 | £00--—LIE: | 6ZO- | G6E-E | 9OO- + [Ze-€ | 66FI IX ‘3 yorttey “9 = tana “eL | 
> [rets © i alia ae mantel | sean ae amie | ie “a *. 1H | 
s tron | *'89 8-G—-0-& | OGLE | IEE | G8 | O9FE al ls sonny “a “00 kaveqy “1 
1TUIS | ay —e Vy ae i = es 1H | 
8 krona | 894) 9H - | | es nn KN ‘s fon fq “09 Aare “Ol 
iS g00- | £96 | 0-9—@-@ | 9SF- | GI | l ebl. | GFF | FOO. + — | peal 
pad . od | | the SHIM ‘VY fag 6 | 
S 9%. | L-F6 | G-9—8-1 | OFO- | 0-91 | | 090- | LI6-€ F LLG6-€ ‘a yavury ‘8 | 
‘= gt. | €-9G | G91 | Sel. | | 2-91 | OOL- | OFE-€ | + OF9-E | W yrvuey *L 
—_ | | | | “eye(T 40430 
ne £0- L—¥-1 | SEI. | GL8-F | + “a ag POUM “9 | 
SS LO: 1—¥-1 | ZIG | SLL-F | + i @ aT SSRN) “G 
= Ze: 1—8-1 | 880° | FL6-F | | + ‘"F suoey 1oqur A, “P| 
a L6- L | 820. | O&S-F | | + | ‘N | poltog OOUM “| 
> él- L | PLO- Lt6-t | | + | ‘W peg ssviy ‘S| 
i e. eRe eee | St | + N suorey teqaray “1 | 
> | | | ‘pao g19tIspunoyy | 
aw _ a EE _— ee —— - ———— 
S | | 
, | ‘ate esses | ITN 
= x | savy ts en ‘3 | UOHVHVA | qoneaed PON | Suu9a 
8 d | ra | paaresqQ ; & & jo 7 prwpuryg | SST epolt uvayt N | pone : , sopdmeg jo 901n0§ | 
> | | | guaTOyJe0D | UBOTT | Saruz0yy 
> a oo a oe ee 7 ee Sa a — 
> = : | 
S fyaarqoadsas soning JOULON PUP J adhy, 07 pam avam yorym ET PU 6 sof ydaowa asno yone Ur pary saaing AT ak 
& ‘wy svayng abnjUa0.laT {0 SUoYNgriysuy 


4 


ay} OF pany saaang fo ainqoy pun squnpsuoy) fisuanbaug fo sanjo A —P}M(] smpyye M -aruoyy 


‘XXX ATAVL 


170 






a8equaosag 




















3 
~£yuanbaa 7 


Aduanba. 4 



































aaing al edAy YY sanng a8eius210g ‘aainy AT 2A] ey 49xINg aBeIua.Ig 





"piaH arydwog ‘suoney sary pasty adwoy -powag soy (x IN) ALIN, Suuso py 
‘weg , LY satuoyy eieqg swer E 
1 WYNOVIG ‘XITX WV¥OVIA 





eq sang adeiwaoeg wy sng aBeiuaoieg 


be 
} 

















Asuanbes4 


Asuanbas.J 








aang A] adh] ey saxNg aBeiuaciag many Al addy wy 49 
PAH Aaydwo>y ‘pay ssess ‘(asauspunow) yyy Furwsop M saruryy — (asauspunow) yy Burwsopy 
BIUC] SULIT Y\-A91UOY 


"BIEL SWRIT|T \\ -saIUOW 





IHATX WWE HWATX WY VIG 














172 


DIAGRAM LII 
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| 
Range centr N Type be M3 | My | By Bo P | Mean Mode 
From to | | | | | 
2°5 3 | 3 112} | 10°5550 | 11°5185 | 334°2782 | 1128 | 3°0005 | -9931 | 16-8839 | 16°2691 
B5— 4°5 | 1 1129 | I | 9°0745 | 8°0052 | 249°9587 | 0858 3°0355 | *3671 | 17°3570 | 16-8868 
15— 5d 5 1047 | IV 10°4501 | 12°4201 | 370°6085 | *1352 | 3°3937 | 9628 | 18°3219 | 17-7910 
55— 6°5 6 812} IV 11°2249 | 11°5414 | 422°3679 | 0942 | 3°3522 | -3776 | 18°9421 | 18°4883 
65— 75 7 636 | IV | 10-6007 | 6°6423| 358-9311 | ‘0267 | 3°1941 | -9541 | 19-1981 | 18-9561 
75— 85 8 119 I 10°9327 | 8°8477| 339-0737 | 0599 | 2°8368 | °6963 | 19°9451 | 19°4556 
8-5— 9°5 9 276 | IV | 11°7635 | 21°4242 | 501°1432 | +2820 | 3°6215 | °7493 | 19-3913 | 
95—10°5 ; 10 223 | Il 9°122% 1°0845 | 234°0643 | -0015 2°8127 | ‘8737 | 19°8341 | 19°7657 | 
lOS—11°5 | 11 122 | IV | 1771943 | 34°5236 | 1197-8335 | +2345 | 4-0516 | -8833 19°7951 | 19-076 
11°5— 12°86 | 136 | IV | 12-7080 | 17°5511 | 610°9823 | *1501 | 3°7833 | “9283 | 19°1324 | 18-6128 
| | ioe. | 
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(c) Distributions of Yield for each Year of Age. 

It will be noted for the 1911-12 data, the actual yields for each lactation period 
of each cow were analysed, and the tables and graphs show the nature of these 
yields. For the 1920 data, the yields per week were studied (Diagrams LX-—LXIX). 
A reference to Table XX XI shows that in six cases Type IV curves fit the dis- 
tributions, while in three cases Type I curves are the best fits. The 10 years’ age 


TABLE XXXI. 


Milk Records—1920. 





Character—Yield per Week 


























Mean P =°7786 


group was fitted with a Type IL curve. In all cases these curves were found to give 
good fits for the respective distributions. The curves are all positively asymmetrical, 
the degree of skewness ranging from ‘07 to ‘19, values less than the degree of 
skewness for distributions of total yields for all lactation periods (1911-12). The 
mean weekly yield increases slowly with increasing age from 16°9 to 19°8 gallons 
for the 11 years’ age group. Cows over 11°5 years of age were studied together. 
The mean yield for this group is slightly less than the corresponding figure for the 
11 years’ age group. The modal values also increase with increasing age from 16°3 
to 19°1 gallons for 11 years of age. A reference to Diagram LXX shows the extent 
of the regression of array standard deviations of yield on age. It will be seen that 
the array variabilities increase from about 3°1 at 3 years of age to 3°6 gallons at 12 
years of age. Older cows are therefore more variable in their milk yield than young 
*, This is found to be generally the case, as will be seen from the next sub- 
section, where an analysis of the 1908-9 data has been carried out, with respect 
to yield and its variability. 


COWS 


* A scedastic curve fitted to fat percentage standard deviations on age reveals the fact that older cows 
are slightly less variable in fat percentages than younger cows. 
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(3) Analysis of 1908-9 Data (all Ayrshires and Fenwick District) 
and the Work of Pearl and Vigor. 

With regard to Pearl’s analysis* of the Scottish Records for 1908-9 in which 
he finds that, for 6935 Ayrshire cows, the weighted mean standard deviation of the 
arrays of weekly yield on age is 2°806 gallons, the comparable figures from Vigor’s 
analysis for the Fenwick district of the Scottish Milk Records Association (586 cows) 
would be the corresponding weighted mean standard deviation of the arrays of weekly 
yield on age. From Vigor’s table we find the value of that constant to be Gg ,—3 41 5, 
and not the figure 40704, which Pearl uses and which is the standard deviation of 
the whole distribution of weekly yield for Fenwick cows of all ages. It is well known 
that where there is a correlation between two variates, the mean array standard 
deviation is less than the corresponding standard deviation of the whole distribu- 
tion. Pearl, however, correctly contrasts the figure 40704 (Fenwick 1909) with the 
standard deviation of the whole distribution of weekly yield for 6935 Ayrshire 
cows of all ages (1908-9), namely, 3°329 (as found in his Table V, p. 300, 
Journal of Agricultural Research, Vol. xvu, September 1919). The table below 


(Table XXXII) shows the respective values of GQ, =S(r4eQ,)/N and og; the 


TABLE XXXII. 


ai | Weighted mean of Array Standard Deviation Mean Weekly 
i ce ig . . 7 » tre . 
| Sts ar. Yeviations = ' - ° 
\' tandard Deviations =@ of Yield=o, Yield=Q 
| | 
ean 5 
Ayrshires 1908-9 | 2°806 3°329 16°49 gallons 
+ ° | 3 | Ps Beat 
Fenwick 1909 3415 £-O70 1683, 
. | SS ed . 
Ayrshires 1920 3°244 3370 18°61] 
Fenwick 1920 3376 3538 19°37 
| 
: ; : 
. Percentage Increase un Fenwick over all Ayrshires. 
ee —— ee eS : 
In & In o | 
= : 5 | 
} 
1908-9 21°70 | 1908-9 22-27 | 
| 1920 1°O7 | 1920 1°75 | 
‘ ) . aa 
Le Percentage Decrease Of (og— Gg) On Ga. 
Ayrshires 1908-9 15°71 
Fenwick 1909 } 16°01 
Ayrshires 1920 3°72 
Kenwick 1920 1-58 
Chere is an error in Pearl’s figure giving the mean weekly yield. His figure 15-991 should be 


16491 gallons weekly yield. The error is due to his taking the lower limit of his gab-range of yield 
(Table V, page 300) instead of the centre of his sub-range. 


| Supplement to Journal of Board of Agriculture and Fisheries, No. 11, by H. D. Vigor, August 1913. 
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percentage increases in Gg , and gg in Fenwick over all Ayrshires; and the percentage 
decreases of (a — G,) ON ¢g for all Ayrshires and for Fenwick district. 

The percentage reductions in (7g—@g,) for 1908-9 are practically the same 
for both areas (16 per cent.), while the corresponding figures for 1920 are approxi- 
mately one-fourth the 1908-9 figures. There is therefore a decrease in the 
correlations between age and yield in 1920, when compared with the values in 
1908-9. The percentage increases in Fenwick (1909) over all Ayrshires (1909) are 
practically the same for @, and og. The corresponding increases for 1920 are 
approximately one-fifth the figures for 1909. We find for Ayrshire cows (Pearl's 
Tables, 1908-9) ng,='5330 and for Fenwick district (Vigor’s Tables, 1909) 
Nea = °5290. Thus the correlations as measured by the correlation ratio are 
practically the same for both groups in 1908-9. In the Report for 1909 of the 
then “Ayrshire Cattle Milk Records Committee,” it is stated (p. 13) that “in 
no district is the value attaching to milking pedigree so well appreciated and 
acted on as in the Fenwick district.” Greater proportions of good milkers in this 
district than the proportions throughout the remaining districts would clearly 
increase the value of og in Fenwick over og in all Ayrshires, and it would also 
increase the value of Gg, since there is no reason to suppose that particular ages 
would be selected by Fenwick dairymen. Only 89 per cent. of all Ayrshires gave 
yields above 20 gallons, while 15°5 per cent. of Fenwick cows gave yields above 20. 
The proportion of poor yielders of Fenwick (10 gallons and below) was 5°8 as 
against 4°1 per cent. the corresponding figure for all Ayrshires. The Fenwick 
results for 1920, however, resemble the all Ayrshire results for 1920, both with 
respect to o, and Fa, Further, the values of ng, for 1920 are -2568 for all 
Ayrshires and ‘2196 for Fenwick. Jt is thus clear that weekly yield was more a 
function of age in both groups during 1908 to 1909 than it was in 1920. The 
figures for 1911-12 are not comparable with those of 1908, 1909 or 1920, because 
for 1911 and 1912 the analysis was performed on the total yield and not on the 
weekly yield. 

The difference between og and Fo, is not wholly accounted for by the change 
in mean weekly yield with age as Pearl suggests. Another factor operates in this 
direction, though to a much less degree, viz. the variability in the array standard 
deviations. In Pearson’s memoir on Skew Correlation* we have 
ag a ong? _ 
where a= S (N47"e,) ‘N and Ong =S (ng (Qs — QY}/N. 


og =o 


Now consider the variability of the array standard deviations round the mean 
array standard deviation. It is easy to see that 


(S {n4o9,})? 
? a i ec AT%Q,} 
S {ny (59, — F0,)' N=S (40°94) N- | V A - 
4 
or ~"oo, Fag — (FQ,) 
Hence og= ~oo, + (GQ ,)’ + ong: 


* Skew Correlation and Non-linear Regression, Biometric Series, 1. 
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The following table (Table XX XIII) shows the values of the various constants. 


TABLE XXXIII. 





— 
na 


Area 2,’ >? (G,)? 7. oy 


Bae ad es 








Fenwick 1909 | +0535 30 11-66 1°64 16°60 
All Ayrshires 1908-9 0403 05 7°87 3°18 11°10) | Actual 
; Fenwick 1920 0008 “DI 11°40 ‘61 12°52 values 
| All Ayrshires 1920 | 0246 “04 10°53 ‘80 1137 | 
| Fenwick 1909 18] 70°24 27°95 100 | 
All Ayrshires 1908-9 15 90 28°65 100 | Per cent. 
Fenwick 1920 1°07 91°06 | 4°87 100 | of o%, 
All Ayrshires 1920 “35 92 61 7-04 109 | 
| | 





The following facts emerge from Tables XX XIII and XXXIV, namely: (1) In 
1909 and 1920, particularly in 1909, the variances of the array standard deviations 
for Fenwick are high when compared with the corresponding figures for all Ayr- 
shires (coluinn (b) of XX XIII). In other words, the cows of the Fenwick district 
show both in 1909 and 1920 greater variability in weekly yield as the cows get 
older than Ayrshires in general do. (2) On the other hand, there are decreases in 
the variances of the array means of both areas in 1920 when compared with 1909 
(column (d) of XX XIIT). This, as has been already pointed out, indicates a reduc- 
tion in the correlations in 1920 when compared with the corresponding 1909 
correlations. (3) There is a distinct increase in the square of the weighted mean 
of array standard deviations of yield for all Ayrshires (1920) when compared with 
the corresponding figure for 1909 (column (c) of XX XIII). The values for Fenwick 


TABLE XXXIV. 


| | | 
Area and Date | Nos n'y P "04 | da | os (oq + op) 

} 

| | 
Fenwick 1909 | 5290 5456 6418 6°07 93°93 | 100 
All Ayrshires 1908-9 5330 | 5394 | 6610 | 1°55 98°45 100 
Fenwick 1920 | -2196 | -2991 | °7076 15°53 | 54:47 100 
All Ayrshires 1920 | 2658 2720 | 6711 4°82 | 95°18 | 100 

| a ene ie = 





Nva= Correlation Ratios found from data. 

7, 4=Correlation Ratios on assumption of homoscedasticity. 

n'o.4= Correlation oe on assumption of homoscedasticity, and 
value of 2°5 gallons for array standard deviations. 
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DIAGRAM LXxX. 





Regression of Standard Deviations of Arrays of Yield on Age. 
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are practically the same for 1909 and 1920. (4) There is a decrease in the general 
variance of yield in Fenwick in 1920 when compared with the figure for 1909 
(column (e) of XXXIII). The general variances of yield for all Ayrshires are 
practically the same in 1909 and 1920. (5) While the correlation ratios ng, have 
practically the same value for both groups in 1920, the reasons for their smallness 
when compared with the corresponding values of 1909, are different for the two 
groups (see Table XXXIV). (6) The different causes of the lower correlations 
between age and yield in 1920, when compared with 1909, are (a) the higher 
squared mean of the array standard deviations relative to the general variance in 
both cases, and (b) the higher variance of the array standard deviations relative to 
general variance in Fenwick (1920). This means either an increase in the values 
of the array standard deviations with age, or a greater random scattering of 
individual values round the mean array standard deviations. A reference to 
Diagram LXXI shows that the scedastic line for Fenwick 1920 is practically 
parallel to the A axis and therefore theoretically little or no increase in the vari- 
ability of the array standard deviations with age is indicated for Fenwick 1920. 
Table XX XIII, column (qa), shows that ~o'o Re ‘0008 (where oa, is the theoretical 
value on the assumption of linearity) as against co, =°'51. Diagram LXXI also 
shows the observed values of the array standard deviations for Fenwick 1909 to 
vary widely and irregularly round the linear scedastic line, a line showing that 
older cows are more variable than younger cows. These results may be due to 
smallness of sample, and possibly special selection in Fenwick of cows below 6 or 7 
years of age, notably consistent and therefore less variable in yield than usual. 
(c) On the other hand, all Ayrshires, both in 1909 and 1920, tend to have lesser values 
for the array standard deviations for each year of age than Fenwick 1909 and 1920. 
A reference to Diagram LXX shows the extent of the regressions of array standard 
deviations of yield on age of 6935 Ayrshires 1908-9 and of 4912 in 1920. It must 
be concluded that the general population of Ayrshire cows (both 1908-9 and 1920) 
show increasing variability of yield with age. The increase is continuous and 
therefore we have here a case of nomic heteroscedasticity. It will be noted that 
the variability of yield with age is uniformly greater for 1920 Ayrshires, when 
compared with 1908-9 Ayrshires. 

It is of interest to note what would be the effect of a selection designed to 
produce homoscedasticity. If the homoscedastic values of the array standard 
deviations had been equal to 2°806 gallons (Ayrshires 1908-9) and 3°415 gallons 
(Fenwick 1909) respectively, the values of 7’g, would have been ‘5394 and ‘5456 
(see Table XXXIV). 

Had the homoscedastic value of the array standard deviations been 2°5 gallons 
(the value found for cows 24 years old) the corresponding values of 99, would 
range from ‘64 to “71 for both groups in 1909 and 1920. We thus see that to 
produce a high correlation between quantity and age it would be necessary to have a 


low homoscedastic value, or low heteroscedastic values, for the variabilities of the 
arrays. 


This would mean a drastic elimination of poor yielders, for it would 
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frustrate the object of milk recording to attempt to reduce variability by cutting off 
the high yielders. There has been a more drastic cutting off of poor yielders in 
Fenwick 1920, than in 1909 (o*9 = 16°6 in 1909 and = 12°52 in 1920), but it has 


not been evenly applied to all ages (Z%¥g,,_ =°51 for 1920, and see Diagram LXXI 
<4 ‘ 


for observed values of a¢ ,). 


Indeed, while the squared means of the array standard deviations for Fenwick 
were practically the same for 1909 and 1920 (11°66 and 11°40), the remaining 
contributions to the variance of the general distribution of yield in 1920 were 
nearly equally divided between the variance of the array standard deviations and 
the variance of the array means (0°51 and 0°61 respectively) while in 1909 about 
94 per cent. was contributed by the variance of the array means and only 6 per 
cent. by the variance of the array standard deviations (see Table XXXIV values 
of d. and dg). Thus the cause of the reduction of the correlation between age and 
yield in Fenwick from 05290 in 1909 to 02196 in 1920 was the higher value in 
1920 of the ratio (>*, 


i (Gq ,)°)/o%Q, namely, 0-95 when compared with the corre- 
sponding value in 1909, namely 0°72. In other words, the squared mean of the 
array standard deviations approached more nearly to the general variance of yield 
in 1920, than it did in 1909, This was accompanied by a greater variability in the 
array standard deviations in Fenwick in 1920 when compared with the correspond- 
ing figure for 1909, thus producing a fall in the value of »?* (and therefore of ») 
in 1920. 


The problem for the practical producer is whether or not he can reduce the 
greater variability of cows above 7 years of age by selection. If the least variable 
in yield of good cows under seven years of age were selected for milk production 
and the others rejected, this procedure would bring about at a later date more 
consistent yields of good cows above 7 years of age and would reduce their 
variabilities below their present values. The annual revords of total yields of cows 
under 7 years of age provide the necessary data enabling the milk producer to 
select cows with the most consistent weekly yields over, say, 4 years. The data on 
which to base selection would thus be the average weekly yield,—because of the 
varying lengths of lactation periods. Only cows therefore, with completed lactation 
periods of a standard duration or over to be agreed upon, should form the basis of 
selection. The least variable over a period of years in average weekly yield of 
good cows should be retained for milk production for succeeding lactation periods. 


The general result of this section of the investigation shows that there is 
an increase of yield with age of cow and also that yield gets more variable with 
age. The correlations between the factors are not constant in time. Different 


values of the constants are found for the various years indicating selective action 


by the milk producer. 


‘ Soa 4 t (Fo4 )* j | 
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(4) Interdependence of various Milk Factors. 
(a) Correlation Ratios and Coefficients, 1920 Data. 


determined together with the divergence from linearity. The undernoted table 
(Table XXXV) shows the results. 


The correlation ratios and coefficients for eight pairs of characters were 


TABLE XXXYV. 


Correlation Ratios and Coefficients. 





, ; — : a 
| | —e | 
} Pairs of characters studied N | n | r JN «4/9? 72 

| | | 67449? S 
“ iets we. ee | | | 
! | | 
| Ave on Percentage Butter Fat | 1912 | "1317 | — °1247 2°14 
Percentage Butter Fat on Age | 4912 | 1445 | -—°1247 3°78 
Age on Length of Lactation Period 1912 “0842 “0095 4°35 
Length of Lactation Period on Age i912 | -O489 | “0095 2°49 
Age on Yield of Butter Fat per week 4912 | 1719 | “1648 2°49 l 
; Yield of Butter Fat per weck on Age 1912 | 2125s 1648 §°97 | 
Age on Yield of Milk per week 1912 2419 | 2192 5°33 
Yield of Milk per week on Age |} 4912 *2658 | 2192 7°80 
Length of Lactation Period on Per- a s 
si ‘ 412 "125! | O74! 5°25 
centage Butter Fat 1256 aaa eee 
Percentage Butter Fat on Length of | , ape 
> ; se |} 4912 | :1156 C7 “59 
Lactation Period 1156 oN | £5 
Length of Lactation Period on Yield | | 
Pears 1912 is - ‘03 5°67 | 
of Milk per week M1 ae "0 
Tie f Milk per week o ne 
Yield of Mill per weel on Length | i912 | +1001 | 0314 1-92 | 
of Lactation Period | | 
, i rerio Tiel 
Length of Lactation Period on Yield | 1912 0799 | ‘0006 4:16 
of Butter Fat per week 
Yield of Butter Fat per week on | 
. ‘ ‘ i912 | *1003 } ~ ‘OO006 5:92 
Length of Lactation Period 7 | +1003 , se 
Yield of Milk per week on Per- 1912 1499 | 1366 2-14 
centage Butter Fat 7 = | = 
ercentage Butter Fat on Yie ) . | 
Per entagt Butter Fat on ield of 1912 “1524 ~ +1366 9-49 
Milk per week 


The correlations are all relatively low, the highest being the relationship 


between yield per week and age. It is seen that the relationships can be classified 
in the following manner : 


Possibly lineur. 
Ave and Percentage of Butter Fat. 
Age and Yield of Butter Fat per week. 
Length of Lactation Period and Age. 
Yield of Milk per week and Percentage Butter Fat. 
Non-Linear. 
Percentage Butter Fat on Yield of Milk per week. 
Percentage Butter Fat on Age. 
Length of Lactation Period on Yield of Butter Fat per week. 
Age on Leneth of Lactation Peviod. 


Percentage Butter Fat on Leneth of Lactation Period. 
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Yield of Milk per week on Length of Lactation Period. 

Yield of Butter Fat per week on Length of Lactation Period. 

Length of Lactation Period on Percentage Butter Fat. 

Age on Yield of Milk per week. 

Length of Lactation Period on Yield of Milk per week. 
Markedly non-linear. 

Yield of Butter Fat per week on Age. 

Yield of Milk per week on Age. 
(b) Regression Curves. 


Regression curves have been fitted for (1) Percenta 
o 


ge Butter Fat on Age, 


(2) Milk Yield per week on Age, (3) Yield of Butter Fat per week on Age, and 
(4) Length of Lactation Period on Age. 


(1) It is clear from Diagram LXXII that the average percentage of butter fat 
given by a cow during a lactation period gradually falls with age from about 3°9 per 
cent, at 3 years of age to about 3°75 per cent. at 10 years of age. After 10 years, 
the percentage practically remains constant up to 16 years of age. If the average 
percentage fell proportionally with age, the value at 16 years would be approximately 
3°65 per cent. The results of Pearl’s work on the 1908-9 data are shown on the 
same diagram. It will be seen that, for the 1908-9 data, the average percentage 
fell from about 3°85 per cent. at 3 years of age to about 3°6 per cent. at 10 years 
of age, after which the percentage remained constant until 16 years of age. It is 
clear from these results that there has been a slight but significant rise in the 
average proportion of butter fai in 1920 when compared with 1908-9. 

(2) It will be seen, on examining Diagram LX XIII (see (1) on diagram), that 
milk yield per week rose from about 164 gallons for three year old cows to about 
19} gallons for ten year old cows, after which the average milk yield per week 
gradually fell to about 18 gallons for cows of 18 years of age. A cubic was fitted 
to the data in this case. Pearl’s results for 1908-9 are shown by the continuous 
line (2). This line, however, cannot be compared with the 1920 result, for the 
reason that a different method of estimating the total yield of milk per cow was 
adopted in the year 1916 (see Section (6) below on Comparison of Private with 
Association Records). The effect of this new method has been to add about half 
a gallon per week to the estimated yield. This average figure must therefore be 
added to the results for 1908-9 in order to make the two sets of figures reasonably 
comparable (see (8) on Diagram LX XITI). 

(3) It will be seen from Diagram LX XIV that the average total yield of butter 
fat per week also rises with age. Three year old cows give about 6} pounds and the 
yield of butter fat per week rises with age until about 10 years, when the quantity 
is about 7} pounds. After that there is a progressive fall until about 16 years 
of age, when the average quantity per week is about 69 pounds. In this case 
a cubic has been fitted to the data. 

(4) An inspection of Diagram LXXV will show that there is practically no 
relationship between length of lactation period and age of cow. The regression is 
linear and there is a slight fall which is scarcely significant. 
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Length of Lactation Period 


Yield of Butter Fat per Week 


Vield of Milk per Week in gallons. 


in weeks. 
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DIAGRAM LXXIII. 


Regression of Yield of Milk per Week on Age. 
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(5) Relation of Milk Factors to Date of Calving. 


At the suggestion of the Research Committee, the composition of milk was 
considered from the point of view of date of calving. Tables XLIII to XLVII of 
Appendix show the distributions of each character for cows calving in each month 
of the year. It was suggested that the data be studied in three four-monthly 
groups, A, B, and C (see tables below). It will be seen from Table XXXVI that the 
differences between the three groups in mean percentage of butter fat, mean yield 
of butter fat per week, and mean yield of milk per week are insignificant. The 
mean age of cows in Group C is, however, less than the mean ages of Groups A 
and B. On the other hand, the cows of Group C have a longer average lactation 
period than the other two groups, with the result that the mean yield for a lactation 
period is higher for this group than for the other two groups. These figures confirm 
the results found for 1912, as shown in the table. 


TABLE XXXVI. 
Means for Four-monthly Periods. 














1920 | 1912 
| 
Character = Sa Pe 5 | ] ae 
.: nena A | Gop B Group C | Group A \¢ iroup B | | —— 
——\- Px gta Ee Mi 
| N=3159 | N=1211 | N=542 | N=3872 | v- N ~ 1986 | N=790 | 
ee ee ee = See. ae eee SS | 
| | | | | 
| Age in years 6°35 6-26 | 5°54 | 6°37 | G15 | 5-41 
Length of Lactation ~ i) ee 
95.9 } 9f.9r "77 R86 3 y | 
Period in weeks | 37°31 36°35 | 10°71 | 37°86 | se 24) 
Percentage of Butter Fat | 3°80 3°82 | B56 |. SW2 | -SV¥ | - 375 | 
Yield of Butter Fat per | 714 6-97 | 7-07 | 
week in pounds | | 
rs “of cee 
Yield of Milk per week 18°80 18°25 | 18°31 | 17°38 17°78 17°38 | 
in gallons | | | | ! 
Total Yie » Lactatio | | 
MX tal Yield for Lactation 701°37 | 663°31 | 745°34 | 658 614 | 737 
I eriod In gallons | | | 
| | 
| } 





Group A: December, January, February, March. 
Group B: April, May, June, July. 
Group C: August, September, October, November. 


(6) Analysis of Data for 14,416 Ayrshire Cows. 

In order to make a comparison between the results for the 4912 cows, with 
completed lactation periods and records of a second calf within 60 weeks of the 
previous calving, and the total number of Ayrshire cows for 1920, an analysis was 
conducted on the records of the 14,416 cows. 

(a) Means and Standard Deviations. 

The means and standard deviations for the characters observed are shown in 
the following table (Table XX XVID), together with the results for the 4912 cows. 


13—2 
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TABLE XXXVIL. 


Means and Standard Deviations. 




















14,416 | 4912 
Mean | 8. D. Mean 8. D. 
Age in years 6°399 | 2°36 6°223 | 2°21 | 
ott ee — 
Le ngth of Lactation Peried 34-925 | 10°50 | 37°447 6°37 | 
in weeks | | 
Percentage Butter Fat 3°818 29 | 3°814 °27 | 
Yield of Butter Fat per 7-286 ‘57 | 7-091 | 1°32 | 
_ week in pounds | | 
Yield of Milk per week in 19-085 3°89 18°610 3°37 
gallons 





It will be seen that the mean age for 14,416 cows is practically the same as the 
mean age for the selected group of 4912 cows. As would naturally be expected, 
the mean lactation period for all cows is shorter and more variable than for the 
selected group owing to the fact that some of the lactation periods were incomplete. 
There is a slightly greater average yield of butter fat per week and a slightly 
greater yield of milk per week for all cows when compared with the corresponding 
figures for the 4912 cows. Thus, little error would be introduced in taking the 
mean values for all cows to represent the mean values of the selected group with 
the record of a second calf within 60 weeks and with lactation periods completed 
during the year 1920. The slightly higher average yield of milk per week and the 
slightly higher average yield of butter fat per week are easily seen to be due to the 
fact that a large number of cows are included with incomplete lactation periods, 
and in consequence have yields recorded at periods where the maximum was 
obtained. 

(b) Correlations. 

The following table (Table XXXVIII) shows the values of the correlation 
ratios and coefficients for four pairs of characters for cows of all ages and for ages 
5 to 7 years separately. 

It will be noted from Table XXX‘III that there is an increase in the negative 
correlation between yield of milk per week and length of lactation period for cows 
all the same age when compared with the value for cows of all ages. The relation- 
ship of yield of butter fat to length of lactation period is not sensibly affected by age. 
The other pairs of characters are not appreciably affected by age, but it is to be 
noted that the correlations are in these cases quite small in magnitude. 


(c) Regressions. 


(1) Percentage Butter Fat on Age. A study of Diagram LXXVI shows that the 
average percentage of butter fat fell from 3:9 per cent. for three year old cows 
to about 3°72 per cent. for the oldest cows. That is to say, the fall was greater in 
the case of 14,416 cows than in the case of the selected group of 4912. 
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(2) Yield of Milk per Week on Age. The regression curve of milk yield per week 
on age for all cows (Diagram LXXVII) is very similar in character to the corre- 
sponding curve for the selected group. The mean yield rises from 17 gallons at 
3 years of age, to 20 gallons at 10 years of age, after which the mean yield falls. 
At 18 years of age the mean yield is about 18°8 gallons. 


(3) Yield of Butter Fat per Week on Age. The mean yield of butter fat per week 
ranges from about 6? pounds at 3 years of age to over 7$ pounds at 9 years 
of age, when the mean value gradually falls and at 18 years of age the mean yield 
is 63 pounds. Thus, the mean yield of butter fat per week for all cows is, at 
all ages, greater than the corresponding mean yield of butter fat for the selected 


group (see Diagram LXX VIII). 


(4) Length of Lactation Period on Age. The mean number of weeks in milk 
ranges from over 34 weeks at 3 years of age to 37 weeks at 18 years of age. The 
regression is linear and the rise, if not wholly due to, is probably accentuated by 
the elimination of younger cows with relatively shorter lactation periods and the 
retention of good cows with relatively long lactation periods (see Diagram LX XIX). 


(d) Heifers. 


A separate analysis was made of the mean yield of milk and the mean 
yield of butter fat per week for the 4776 Ayrshire heifers. The table below 
(Table XXXIX) shows the results. It will be seen that there is very little 
difference between the mean yield of milk per week for two year old heifers and 
for three year olds, but four year old heifers give a significantly higher mean yield 


TABLE XXXIX. 

Ayrshire Heifers—Total 4776. 
Mean Yield of Milk per week (Gallons). 
2 years old—15°931 
3 years old—15°887 
4 years old—16°903 
Allages —15°909 
Mean Yield of Butter Fat per week (Pounds). 
2 years old—6'302 
3 years old—6'286 
4 years old—7°‘597 
Allages —6'296 


per week, The same is true with respect to the mean yield per week of butter fat. 
Two and three year old heifers are very much alike with respect to this character, 
but four year old heifers give a significantly higher yield. 
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(7) Comparison of Private with Association Records. 
(a) Thirty-five Cows calving in April— Yield. 


The writer now proposes to examine in detail the methods employed by the 
Scottish Milk Records Association in determining the total yield of milk of each 
cow during its lactation period. In studying the variation in yield of a single cow 
during a lactation period, it is clear that a cow would give a record which would 
vary in a definite manner according to the month of calving. One would not expect, 
for instance, that a cow calving, say, in October would give, in successive fort- 
nights, yields of the same amounts as a cow of the same age and breed calving, 
say, in April. There is usually an increase in milk yield when cows are put on to 
grass and the cows might be put on grass early in the lactation period, or in the 
middle, or towards the end of the lactation period. In order, therefore, to make a 
proper comparison between the estimated yield (by the Association) and the actual 
yield from private records for each fortnight during a lactation period, 35 cows 
were chosen out of a total of 107 cows whose daily yields were recorded because 
these 35 cows had all calved in the same month, namely, April. Variations during 
the lactation period would thus be similar in character. For example, they would 
all be put on grass at the same time. 


It seems desirable at this stage to explain fully the method (the old method) 
of estimating the yield employed by the Milk Records Association during the 
period when the above private observations were made (1911-13). The method of 
estimating the yield employed by the Association from the year 1914 onwards is 
also given (the new method), as the object is to ascertain which of the two methods 
is the better when compared with the actual yields obtained from private sources. 


In order to estimate the total yield for each fortnight during a lactation period 
under the old method (pre-1914) the Association’s Recorder multiplied the yield on 
each day of test by the number of days which had elapsed since the previous test. 
This interval in the case of the 35 cows which calved in April was 14 days, and the 
product “daily yield x the number of days” represented the estimated total for 14 
days preceding the day of test. In the case of the first test after calving, however, 
the yield was estimated differently. The daily yield was multiplied by the number 
of days between the date of calving and the date of the first test. The Association 
lactation period was considered complete on the date of the last Association test, 
irrespective of the fact that in most cases the cow would continue to give milk for 
several days after that date (in some cases over a fortnight), while in other cases the 
cow would become dry very soon after the last test. Of course in Association tests 
a mean date of some sort must be taken as the end of the lactation period. 


A point to be considered is whether the yield of cows from the date of calving 
until the disappearance of colostrum in the milk should be included in the total milk 
yield during a lactation period. Those who advocate that it should not be included 
base their argument on the fact that colostrum is not marketable milk, and the 
interest of the members of the Scottish Milk Records Association centres round 
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marketable milk. Those who advocate that the yield from the date of calving 
should be included point out that the colostrum is necessary for the calf and should 
therefore be included. In the cases examined, no private record was kept of milk 
yield from date of calving until four or five days after calving, when the colostrum 
had practically disappeared. Taking the view that marketable milk should be 
recorded, the writer looks upon the private records, which were very carefully kept, 
as being correct records of the actual marketable milk yield from each cow. 


In order to estimate the total yield during the interval between the tests by the 
new method which has been employed since 1914, the estimate, “total yield” =“daily 
yield” multiplied by “the number of days in the interval,” is retained. The estimated 
yield is, however, looked upon as derived from a daily yield obtained at the middle 
of the interval between the two tests. In other words, this middle value is looked 
upon as the average value for the interval, and therefore, when multiplied by the 
number of days, gives a better estimate for the period, the half of which is in front 
of the day of test and the other half of which is after the day of test. The effect of 
this is to leave all the estimated yields unaltered except the estimated yields for 
the interval of the first test. Under the old method, the yield up to date of first 
test was estimated by multiplying the daily yield on day of test by the number of 
days between the date of calving and the date of first test. Under the new method, 
however, the second interval is reckoned from a date half the interval in days before 
the second test is made. The half period after the date of the first test is not over- 
looked. By the new method it is added on to the first interval. Thus the estimated 
yield for the first interval runs from the date of calving to half an interval beyond 
the date of the first test. For example, the interval of the first test would be seven 
days longer under the new method if the Association tests were carried out fort- 
nightly. The end of the lactation period by this method is always half an interval 
beyond the last test. In general, therefore, the lactation period under the new 
method is always half an interval longer than it would be under the old method. 
The net effect is that the yield is increased, not by this prolongation at the end of 
the lactation period, but by the product “half an interval” multiplied by “yield on 
day of first test,” as will be seen by the diagrams (Diagrams LXXX and LXXXI) 
which show, in the case of fortnightly tests, an actual example of the two methods. 


Table LIX of Appendix shows for the 35 cows the dates of calving, dates of 
first and final tests, total yields and differences between Association and private 
yields. 


The results (Table LIX, Appendix) show that both by the old method and the 
new method the Association estimate is in excess of the actual yields obtained 
from the private records. In the case of the old method, however, the excess 
is neutralised by the deficiencies in the estimates in various fortnightly in- 
tervals during the lactation period, while by the new method there are no such 
deficiencies—all the estimates are in excess. The actual total yield in gallons of 
the 35 cows from private daily records was 27148°6. The actual average yield for 
each cow (private records) was thus 775°67, while the corresponding figures for old 
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ind new Association methods are 776°58 and 801-54 respectively. The total Associa- 
tion yield for the old method was 271803 gallons, or an excess of 31°7 gallons for 
35 cows which gives an average excess per cow of 0°906 gallons. The total Associa- 
tion yield by the new method is 28053°8 gallons, an excess of 905-2 gallons for 35 
cows, or an average excess of 25°86 gallons per cow. It is thus clear that if the old 
method is contrasted with the new method, the method now in vogue, the old method 
gives a better estimate of total yield for the lactation period for fortnightly tests. 


The average fortnightly yields for the 35 cows, both private and Association, were 
then determined. Table LX of Appendix shows the average fortnightly yields for 
the 35 cows from the second fortnight onwards, the first and last tests being omitted 
as requiring special study by themselves. By the old method, both the actual yields 
and the Association estimates show the average yields for the 35 cows per fortnight 
from a date 14 days before the second test to the date of the twenty-second test. 
By the new method, both in the private records and the Association estimate, the 
period runs from seven days before the date of the second test to seven days after the 
date of the twenty-second test. It will be seen from the table that the old method 
is an underestimate to the extent of 9°59 gallons for the period. Since the old method 
gives a good estimate for the whole lactation period, it is clear that this is due to 
the overestimate for the period of the first date balancing the underestimate for 
the remainder of the lactation period. It will be seen that the estimate by the new 
method is, on the other hand, an overestimate to the extent of 10°07 gallons, This 
average overestimate, added to the overestimate for the first test, accounts for the 
average excess by the new method of the estimated yield of 25°86 gallons for the 
actual average yields. 


These results suggest another method of approaching the problem, namely, to 
estimate the milk yield from a date seven days before the second fortnightly test 
to seven days after the last test, and to fit regression curves to the data. The 
estimate from the date of calving to the date seven days before the second fort- 
nightly test is left out in order to eliminate the inaccuracies associated with the 
first test. What is marketable milk? The change from colostrum to marketable 
milk takes place in about five days after calving, but individual cows vary in the 
period in which they cease to give a milk with colostrum properties. Albumen and 
globulin are present on the first day after calving to the extent of about 16 per 
cent. in colostrum, while there is more fat and less sugar than in ordinary milk. It 
will therefore be useful to consider what results would be obtained if we were to 
measure the milk-yielding capacity of a cow from a period where the data are 
reliable with respect to days. If this process is applied both to estimated and 
actual yields the results would be strictly comparable. The results are seen in the 
following tables and diagrams, which show the actual and estimated fortnightly 
yields, Quartic curves were fitted to the data. The results are those one would 


expect from an indefinitely large population of cows, of which the 35 cows are a 
random sample (see Diagrams LXXXII and LXXXIII). The results are given in 


Table XL which should be studied along with the accompanying key. 
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DIAGRAM LXXXIlI 


Variation in Fortnightly Yield during Lactation Period (Private Records) 
The Curve fitted to the Actual Yields is a Quartic Curve. 
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DIAGRAM LXXXIII. 





Variation in Fortnightly Yield during Lactation Period (Association Estimate). 


(Quartic Curve fitted to observations). 
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DIAGRAM LXXXIV. 


Showing that the Estimated Yield is always in excess of the Yield found 
from Daily Private Records. 
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TABLE XL. 





Showing the Average Fortnightly Yields per Cow (in Gallons) by Association's Estimates 


and the Actual Fortnightly Yields from the Private Daily Records from Second Fortnightly 


Test onwards. 








| | | @ | | | 
| | j " | 
| @ | @ | @ | Galeaiatea | | © | w 
| No. of | | | | Fortnightly | 
Fort- | Observed Re- | Quartic Curve | Sum of Daily | Yields from Quartic Curve | Differences | Differences 
| nightly | sultsfrom | fitted to Yields for 14 | rer S|\titted to figures| between | between 
| Tests | Daily Private| figures in days from | Yortmightly | in column (4) | column (5) | column (4) 
| | Records | column (1) | Quartie Curve| Saale Tew at) | and and 
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| { 57°5 | 56°30 | 56°3 57° | 56°86 “56 -*] 
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| 6 | 51°] 52°34 | 52°3 51°7 53°01 ‘67 6 
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| 15 27°9 6°49 265 | 22 | 2686 | 37 3 
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Totals | 751°5 751°56 751°5 7616 | 761°63 | 10°07 10°1 
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ran oe Va - 1 x yl r 
KEY TO TABLE XL. 

Column (1) gives S/N where S=sum of daily records for 35 cows for 14 days from a date 
seven duys before to a date seven days after the Association’s test in each case; and V=35 cows. 
Thus column (1) shows the actual average fortnightly yield per cow from the second fortnightly 
test for 35 cows calving in April. 

Column (2). These figures show the theoretical values for column (1), They are the figures 
of the best fitting curve to the observed values in column (1). The figures are comparable with 
the figures in column (5), which show the theoretical fortnightly yields per cow from the 
Association’s fortnightly tests, the observed values of which are given in column (4). 


Column (3). The figures in column (3) are the figures obtained by summation of the 
theoretical average daily yields per cow for each fortnight. The equation to the quartic curve 
(private data) was integrated between the limits of 1°5 to 2°5; 2°5 to 3°5...... 21°5 to 22°5 fort- 
nightly periods. (See Diagram 82). It will be seen that the figures are practically identical with 
figures in column (2). They thus show that the figures in column (2) closely describe the average 
fortnightly yield per cow. 
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Column (4). The figures in column (4) give the results per cow for the same 35 cows, obtained 
by the Association’s single test by multiplying the yield found on day of test by 14, reckoning 
the fortnightly period from a date seven days before to a date seven days after the day of test. 

Column (5) shows the theoretical values from the best fitting curve to the observed associa- 
tion values in column (4). These figures are to be compared with the Private Record figures in 
column (2). 

Column (6) shows the differences between column (5) and column (2) and reveals the fact 
that, even leaving out the results of the first and last Association tests which accentuate the 
differences, the Association’s estimate is always in excess of the actual results (see also Diagrams 
LXXXII, LXXXIII and LXXXIV). 

Column (7). The differences between column (1) and column (4) show a similar excess on the 
part of the Association’s actual estimates over the Actual fortnightly yields from private daily 
records. In neither case, however, is the excess great for any fortnight so that the Association’s 
estimates can be accepted in practice from the second fortnight onwards. As is shown, however, 
on page 200 and Diagrams LX XX and LXXXI, the Association’s estimate for the jirst fortnightly 
test is responsible for the Association’s additional exaggerated yield when compared with the 
actual sums of daily yields during the first fortnight. 

The results clearly show that the excess of the Association’s estimate of fort- 
nightly yield.is a real excess over the actual yield for every fortnightly period (see 
columns (6) and (7)), the total excess being 10°07 gallons. This is an error equal to 
1:38 per cent. of the total yield compared with 3°33 per cent., the percentage excess 
estimate by the Association’s new method when including its treatment of the first 
fortnightly test. In other words, the excess estimate brought about by using the 
Association’s new method for the first fortnight amounts to 1-95 per cent., or 58°56 
per cent. of the total excess. I cannot see that, apart from actually taking daily 
records, the Association can do better than take a test in the middle of the fort- 
nightly period and multiply by 14 to give an estimate of the total yield for the 
fortnight even although it does involve a total average over-estimate of about 
10 gallons from the second fortnightly period to the end of the lactation. If the 
milk recorder would make his first test say 12 days after calving, he would be 
allowing an average of five days for the colostrum period and the lactation period 
would begin five days after calving. I imagine this is not possible in practice and 
thus, if the most accurate estimated yields are to be uséd as the basis of the 
milking capacity of a cow, it is clear that the estimate should be based on the 
period commencing seven days before the second fortnightly test. 

If the total yields are considered over the whole lactation period (see Appendix, 
Table LIX) the Association tests show for an individual cow a maximum defect by 
the old method of 17°7 gallons and a maximum excess of 26°9 gallons over the 
same period. If total yields from the private records are compared with the yields 
according to the Association’s new method there is always an excess in the 
Association’s figure over the private figure. For an individual cow the minimum 
excess is 16 gallons and the maximum is 52°3 gallons. The average difference 
among single cows between the yield from the private records and the Association’s 
old method is 0°91 gallon in excess, while the corresponding figure when comparing 
the private records with the Association’s figure by the new method is 25°86 gallons 
in excess. 
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Attention was now directed to the period of the first test. Table LXI of 
Appendix shows the actual yields from the private records up to the date of the 
first Association test (column (1)), and up to a period beyond the date of the first 
Association test corresponding to half the interval in days between the tests 
(column (2)). This latter method enables one to look upon the Association “ yield 
on day of test” as being the value on the seventh day of the interval of 14 days 
and is therefore approximately the average for the 14 days. 

If we concentrate our attention on the first fortnightly test during the lactation 
period for the 55 cows, we find that the actual average yield from the private 
records is 34°06 gallons by the old method, while the corresponding average from 
the Association estimates is 45°99 gallons, an average excess of 11°93 gallons. By 
the new method, the private records give an average of 60°21 gallons up to seven 
days beyond the first fortnightly test, while the Association figure is 70°99 gallons, 
an excess of 10°78 gallons for the corresponding period. The differences 11°93 and 
10°78 gallons, respectively, are clearly due to the fact that the private tests began 
on the day the cow’s milk was marketable, while by the Association tests the cow’s 
yield is reckoned from the date of calving and is supposed to give every day, from 
date of calving to date of test, the yield found on day of test. 


TABLE XLI. 
Showing where the Underestimates and Overestimates occur during 
the Lactation Period. 
A. 


Estimate by Old Method. 
Gallons 


Estimated Yield for Lactation Period : 7766 
1) Overestimate due to First Fortnightly Period 11°9 
2) Underestimate, excluding First and Last Fortnightly Periods 7:2 
(3) Underestimate for Last Fortnightly Period 38 
— ii 
1) Nett overestimate by Old Method 0-9 
Actual Yield 7757 
B. 


Estimate by Ne w M thod. 
Estimated Yield for Lactation Period 





801°5 
1) Overestimate due to First Fortnightly Period LU’s 
2) Overestimate, excluding First and Last Fortnightly Periods 10:1 
3) Overestimate for Last Fortnightly Period 19 
1) Total overestimate -—_ 25°8 
Actual Yield 77D°7 


Table XLI shows where the underestimates and overestimates occur. Under 
the old method the nett overestimate (-9 gallon) is seen to be the difference 
between the average overestimate made on the first fortnightly period and the 
average underestimates for the remaining fortnightly periods. Under the new 
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method the total average overestimate of 25:8 gallons is seén to be due (1) to an 
average overestimate of 10°8 gallons made on the first fortnightly period, (2) to an 
average overestimate of 4°9 gallons made on the last fortnightly period, and (3) to 
an average overestimate of 101 gallons made during the intervening fortnights 
between the first and last periods. 


(b) Yield from Cows irrespective of Date of Calving. 

Hitherto the writer has considered cows calving in the same month. The yields 
as obtained from private and Association records will now be considered for cows 
calving in any month of the year. For this purpose the data of 107 cows were 
available. Table LXII of Appendix shows the total yields during a lactation 
period—private and Association—for these cows. The Association figures are as 
given in the records, the old method being the method in vogue when these tests 
were made. 

The Association yield for a single lactation period shows a greatest defect of 
29-9 gallons when compared with the private figure, and a maximum excess for a 
single lactation period of 57:1 gallons over the private figure. The actual mean 
yield from the private records was 792°06 gallons, while the mean yield from the 
Association’s record was 793°59, or an excess of 1°53 gallons, which is the comparable 
figure to 0906 gallon in the examination of the 35 cows. It has been determined 
that if seven days were added on to the first interval of each lactation period, being 
half the interval between each Association test, then the mean yield would be 
increased by 26 gallons, while the individual estimates for each of the 107 cows 
would be similarly increased, 

A series of daily tests was carried out between 1914 and 1917 by the same 
observer who supplied the data from the 107 cows. Table LXV of Appendix gives 
the results of a statistical analysis of these daily tests. 

It is seen that the actual average yield is 708°8 gallons, while the estimated 
average yield is 7347 gallons, an excess by the Association’s new method of 25°9 
gallons. The estimated average yield by the old method is 707-4 gallons, an average 
deficiency of 1°4 gallons when compared with the actual average yield. 

The last records examined were from the herd under the control of the West 
of Scotland College of Agriculture. These records were very kindly placed at my 
disposal for statistical analysis by Mr A. C. M‘Candlish, M.S.A., of the Milk Pro- 
duction Department of the College. Mr M‘Candlish and Mr M‘Vicar had made a 
preliminary examination of the records and compared the actual daily yields of 
24 cows with the product “yields on each tenth day x 10.” The results were pub- 
lished in the Scottish Journal of Agriculture*, and show that the sum of the 
estimated yields based on tests made every ten days is a good approximation to 
the actual total yield of each cow. These authors in the figures of their Table I 
show the estimated yields for intervals of 10, 20 and 30 days, but they do not 
include the yield for the interval in days, between date of calving and date of first 


The Scottish Journal of Agriculture, Vol. vir. No. 2, pp. 201—205. 
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record of each cow required by the old and new methods of the Scottish Milk 


Records Association*, Since Mr M‘Candlish also kindly supplied the lengths of 


these intervals in days for all the 24 cows, the author has been able to calculate 
the estimated yields by the old and new methods, and these are given in Table LXIII 
of Appendix, together with the actual yields in each case. For comparative purposes 


the same data were used, selecting the recorded yields every fourteen days, the 


TABLE XLIL. 





Number of 
Cows 











— 
-~!I 
* 


yn 


1 | 
Number of 


Cows | 


Actual Mean | 


Yield, 


Gallons 


| Old Method 
| 


Association’s Estimates in Gallons 


Difference New Method 


Summary of Results, Actual Yields and Estimated Yields. 


Difference 


775°7 776°6 +0°9 801°5 25°8 
792°1 793°6 +1°5 819°6 27°5 
708°8 } 707°4 | 1°4 134°7 25°9 
642°8 | 645°3 +2°5 663°0 20°2 
| | 
| ii oy = Al 
“61:36 | 7629 | +1:23 | 787-43 6°07 
_ ——— ——— NEE 
Average values 
| 
Association’s Estimates in Gallons 
9 
Actual Mean 
“eld. ; 
a ~ ; 3 4 2 6 
ralions } + r nig 
— Old Method Difference New Method Difference 
columns 2 & 3 columns 2 & 5 
7750°7 776°6 -O'9 801°5 25°8 
792°1 793°6 +1°5 819°6 27°5 
708°8 7074 —1°4 734°7 25°9 
642°8 637°3 | 55 661°9 19°] 
761°36 761°55 | +°19 787°28 25°92 


Av erage values 





* Fourteen days’ interval. 








+ Ten days’ interval. 


corresponding total estimated yields for each lactation period being calculated by 


the Association’s old and new methods respectively. The results are given in 
Table LXIV of Appendix. It will be seen that, with intervals of 10 days between 


the tests, the old method overestimates the actual yield on an average by 2°5 


gallons, while the new method’s overestimate is 20°2 gallons. With fortnightly 


intervals between the tests, the corresponding figures are averages of 5°5 gallons 


See page 205 of above. 
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less and 19:1 gallons more respectively. The greatest variations in the predictions 
by the old method with 10 days’ interval are 8 gallons less and 43 gallons more 
than the actual yields, while the greatest excess prediction by the new method is 
55 gallons. The corresponding figures for the fortnightly test are, by the old 
method, 10 gallons less and 63 gallons more, respectively, for a lactation period. 
There are no underestimates by the new method, the greatest overestimate being 
98 gallons and the least overestimate 15 gallons. 

We are now in a position to show the results of calculations of total yields 
according to the Association’s old and new methods of four herds for comparison 
with the actual total yields obtained by summing the observed daily yields carefully 
recorded in each case. 

The results from 184 cows are summarised in Table XLII. The old method 
shows an overestimate on the 10 days’ test of 1:23 gallons. By the new method 
the overestimate is 26°07 gallons. The corresponding figures for the fortnightly 
test show an overestimate of 0°19 gallon by the old method, and an overestimate 
of 25°92 gallons by the new method. 

It is clear from the foregoing results that the present method of estimating 
milk yield practised by the Scottish Milk Records Association (called herein, the new 
method) when applied to fortnightly tests consistently overestimates the actual 
yield. The old method, practised by the Association prior to 1914, gives better 
results. Our investigation shows that a revision of the method of estimating milk 
yields is necessary. 


IV. SuMMARY OF RESULTS. 


(1) The results of this investigation are the results of an analysis (1) of the 
whole of the records of the Scottish Milk Records Association for the years 1911, 
1912 and 1920, and (2) of certain sections of the records for the years 1908, 1909 
and 1923. The results for the years 1911, 1912 and 1920 are from records in 
which the dates of birth of calves are given both at the opening of the lactation 
period and at its close. This does not mean, of course, that all the cows were in 
milk right on to the beginning of the next lactation period. As will be seen from 
the tables, the lactation periods of many cows were quite short, others were of 
average duration, while a certain number of cows gave milk almost to the beginning 
of the next lactation period. The general results of analysis of the data of 1911 and 
1912, together with an inquiry into the extent of selection between 1911 and 1923, 
are discussed in pages 108 to 165, while the corresponding results for the 1920 
data and comparisons with 1908, 1909 and other data are discussed from page 165 
onwards, 

(2) The mean yield for a lactation period of 36°78 weeks in 1911 was 63482 
gallons. The mean yield for 1912 for a lactation period of 37-41 weeks was 65420 
gallons, while the yield for 1912 with an average lactation period of 36°78 weeks 
(the mean figure for 1911) was found to be 64326 gallons. There is thus a real 
average increase in yield of 8°44 gallons in 1912 compared with the average value for 
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1911. It is shown that the difference is significant. Since the average percentage 
of butter fat is practically the same for both years, there is a significant increase in 
1912 in the average total yield of butter fat during a lactation period, 244 pounds, 
to the extent of about 8 pounds when compared with the corresponding figure, 236 
pounds, in 1911. This increase corresponds to approximately 10 pounds of butter. 
(3) The distributions of the five characters studied, namely: Yield of milk 
during a lactation period (Q); average percentage of butter fat during a lactation 
period (P); Age of cow (A); Length of lactation period in weeks (W); and total 
yield of butter fat during a lactation period (B); have been studied and Pearsonian 
curves fitted to the frequency data in each case. All the five characters show con- 
siderable variation round their average values, the coefficients of variation ranging 
from 8'7 to 43° 

For the distribution of quantity for each year of age it is shown that Type IV 
curves adequately describe the observations and that the fits are good considered 
as a whole (see Table VI and Diagrams III and IV). One of the curves is a rather 
poor fit. Type IV curves have also been fitted to percentage of butter fat, weeks 
in milk and yield of butter fat. If the total butter fat yield is considered for 
cows all of one age (3°5 years was selected) and milked for a constant number of 
weeks (41 weeks) it is found that a normal curve fits the distribution very well 
(see Table VII). 

(4) It is shown that the relationships between quantity and average percentage 
of butter fat, and between percentage of butter fat and average quantity are 
practically linear. In other words, a low yield has a high average percentage of 
butter fat, and the average percentage slowly and uniformly falls with increase in 
yield. Average yield also continuously and uniformly falls with increase in per- 
centage of butter fat. Thus, cows with high yields for a lactation period have a 
lower average percentage of butter fat than cows with low yields. 

(5) It is seen that cows giving large yields during a lactation period are less 
variable among themselves with regard to butter fat than cows giving low yields. 
Further, it is shown that cows giving high average percentages of butter fat during 
a lactation period are less variable among themselves with respect to average 
quantity than cows giving low percentages of butter fat. Low percentage of butter 
fat indicates a comparatively great variability in yield, while high percentage of 
butter fat indicates a comparatively small variability in yield. Thus, if cows were 
selected directly for high average percentages of butter fat during a lactation period, 
there would be a direct tendency to uniformity of yield. Further, if cows were 
selected for high yield alone, this would bring about a direct tendency to uniformity 
in the average percentage of butter fat among the high yielders. 


(6) The regression of average quantity on age is non-linear. Regression 
parabolae have been fitted to the data for both years. The fit is good up to 
12 years of age, but there are greater deviations from the curve beyond 12 years 
which are largely accounted for by the smallness of the numbers. It will be seen 


that there is a constant increase in the total vield for a lactation period up to 
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about 13 years of age, after which the yield decreases with age. The regression 
parabolae as shown on Diagrams XIV and XV and the relevant tables can be used 
to furnish valuable information to the dairy farmer. This question might be put: 
From the known results regarding quantity and age, what is the total yield of milk 
I might expect to get during a lactation period from a herd of, say, 10 cows, the 
ages of which are given? The answer is supplied in Table VIII, and the milk 
producer can compare this result with the actual results from his 10 cows. He 
would then be able to see whether his herd is doing better or worse than the 
general population of dairy cows. 

(7) The relationship between age and percentage of butter fat during a lactation 
period is negative as measured by the correlation coefficient. The regression of 
average percentage on age is, however, non-linear. There is a gradual fall in the 
average percentage of butter fat with increasing age until about 11 years, after 
which the average fat-percentage rises with age. In other words, the age-percentage 
curve is concave while the age-yield curve is convex. The minimum average 
fat-percentage and the maximum average yield occur about 11 years and 13 years 
respectively. The dairy farmer can find the average percentage of butter fat 
associated with any age of a herd by referring to Diagrams XVI and XVII, just as 
he can find the average yield associated with any age from Diagrams XIV and XV. 

(8) The highest correlation between any two characters is that between quantity 
and length of lactation period—the mean value being about 0°6. The regression 
of average quantity on weeks is practically linear, any departure from linearity 
being at very short and very long lactation periods. 

The regression of average weeks on quantity is non-linear in character, The 
1912 data, however, show that for quantities between 450 and 1000 gallons the 
regression is linear. 

(9) The regression of average percentage of butter fat on weeks in milk is 
non-linear in character, but the departure from linearity is not very great. The 
results show that dairy cows with long lactation periods give, on an average, a 
higher average percentage of butter fat during a lactation period, when compared 
with the results from dairy cows with a short lactation period. It is also shown 
that a group of cows with a high percentage of butter fat is associated with a 
long average lactation period when compared with a group of cows giving a low 
percentage of butter fat. 

(10) It is shown that the regression of average total yield of butter fat for 
a lactation period on age is parabolic, as was to be expected from the yield of milk 
and age results. The age at which the maximum amount of total butter fat fora 
lactation period is produced is 10 to 11 years (1911). Young cows have a total butter 
fat yield of about 200 pounds for a lactation period. The total yield of butter fat 
increases continuously with age until at about 10} years approximately 260 pounds 
is produced (1911 data) and over 270 pounds (1912 data). After 103 years there 
is a steady fall with age. At 18 years of age, the yield of butter fat is less than 
240 pounds (1912 data). 











206 An Investigation of the Milk Yield of Dairy Cows 


(11) It is of first-class importance to the dairyman to know the total quantity 
of butter fat likely to be produced during a lactation period for a cow of a definite 
age, for example, say, 7 years, with a definite length of lactation period, for example, 
say, 41 weeks. Table XII of the memoir shows that the expected quantity is 
289°9 pounds. The observed quantity for cows of 7 years old and milked for 
41 weeks was 290 pounds. Dairy farmers desiring to find the maximum amount of 
butter fat to be expected from their cows can do so by using this table. They 
will note that with younger cows, the yield of butter fat increases with age and 
with length of lactation period and, unless a cow is an exceptional butter fat 
producer, they will know from the table when to cease using the cow for dairy 
purposes. The attention of the reader is directed to the model prepared from the 
data in Table XII. It will be noted that the agreement between the theoretical 
surface and the observed values is of a satisfactory character. 


(12) It is shown that about 50 per cent. of the dairy cows for 1912 are classed 
as “good” by the Milk Records Association ; 45°5 per cent. as “intermediate” and 
over 4 per cent. as “bad.” In other words, the Association places 50 per cent. of 
all cows into a class yielding 250 pounds and over of butter fat for a lactation 
period ; over 45 per cent. into a class yielding between 166 and 250 pounds; and 
4 per cent. into a class giving a total butter fat yield of less than 166 pounds. 
Over 67 per cent. of all heifers fall into the Association’s “good” class, that is, 
those heifers giving a total yield of butter fat of 200 pounds and over; over 29 per 
cent. fail into an “intermediate ” class where the total yield of butter fat is between 
133 and 200 pounds; and over 3 per cent. fall into the “ bad” class, that is, heifers 
giving a total of less than 133 pounds of butter fat for a lactation period. The 
Association have not strictly adhered to these divisions in recording the data, as 
will be seen from Diagrams XXIX and XXX ‘and Table XIV. The figures in 
Table XV show the mean values for the various characters for the three classes of 
cows and the three classes of heifers. 


(13) A new method of classification is suggested by the writer in section 5 (b), 
the standard deviation being taken as the unit for classification purposes. It is 
suggested that cows giving a total yield of butter fat between the average and the 
yield represented by (average + once the standard deviation) be regarded as one 
class, those above this value and up to a quantity represented by the (average 
+ twice the standard deviation) be regarded as another class. Other methods of 
classification are suggested. 


(14) A study is made of the nature of the changes in the correlation coefficients 
of the various pairs of characters when the good, intermediate and bad classes are 
considered separately instead of the whole population of cows (see Table XX and 
the text). An analysis was also made of the 1911 and 1912 combined data, in 
which the cows and heifers were divided into four age groups (see Tables XXI— 
XXII). It is seen that for a constant number of weeks the correlation between 
total yield of butter fat and quantity is very high for all groups, the correlation 
coefficient ranging from 0°85 to 0°89. 
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(15) An investigation was made of the combined 1911 and 1912 data after sub- 
division into three age groups, namely: Group I, 2—3 years inclusive ; Group II, 
4—8 years inclusive ; Group III, 9—18 years inclusive. Group III is found to be 
most variable and Group I is the least variable. Group III has the greatest mean 
yield of milk and the greatest mean total yield of butter fat. Selection may here 
be a factor, as Group III is the group of oldest cows where many have been kept 
because they are good cows (see Table XXI), thus intensifying the correlation 
between yield of milk and age. 


(16) It is known that dairy farmers frequently reject young cows which 
prove to be bad milkers. Since the milk characters have all been shown to be 
more or less correlated with age of cow, it is clear that the population of dairy 
cows being studied is a selected population with respect to age and other characters. 
In other words, the dairy cows are selected in the sense that a certain number of 
low yielders are excluded. The population is, therefore, not a random population 
and it might be contended that the whole, or practically the whole, of the relation- 
ship between age and quantity or between age and yield of butter fat is due to the 
fact that certain older cows are retained for milking purposes and are thus positively 
selected because of their higher yields, while certain other older cows have been 
rejected and are thus negatively selected because of poor yields. It appeared 
necessary, therefore, to study the data in order, if possible, to determine whether 
a significant correlation also existed between age and the above-named characters 
in the general unselected population of Scottish dairy cows. It is evidently not 
possible to make the determination directly on a random sample of the general 
population of cows, on account of the fact that large numbers fail to get into the 
records. Professor Karl Pearson, however, in his memoir on “The General Theory 
of the Infiuence of Selection on Correlation and Variation*,” has shown how te find 
the correlations in a random sample of an unselected population from selected data. 
The method by which the writer has approached this problem is shown in section (6) 
of this memoir. Owing to the nature of the data, it did not appear possible to find 
the exact correlations. The results in Table XXV, however, show the limits 
within which the correlations lie. The results of section (6) show that age 
and quantity, and age and total yield of butter fat are significantly correlated in 
a general unselected population of Scottish dairy cows. In other words, quite 
independently of any cutting off of poor cows by dairymen, there is a definite 
trend towards increased quantity and increased yield of butter fat as the cow gets 
older. When, however, the cow reaches the age of from 10 to 11 years, the trend 
is in the direction of less quantity and less butter fat yield with increase in age 
of cow. 

(17) It is shown that the average yields per single milking at various ages of 
cows taken at random are not comparable with the average yields per milking for 
cows of various ages, the averages being taken for entire lactation periods (see 
Diagram XLI a), It is further shown that the average yield per week is practically 


* Biometrika, Vol. v1. pp. 487 et seq. 
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constant after cows have been in milk for 26 weeks. An attempt has been made 
to measure the intensity of selection between 1911 and 1920. It is shown that 
when the 1920 records are made comparable with the 1911 records there is an 
increase to the extent of over 4 per cent. in the average yield of milk between 1911 
and 1920. The selection of good cows was also considered, good cows being defined 
as animals giving over the equivalent of 2500 gallons containing 1 per cent. uf butter 
fat for the lactation period. It is shown that the average increase per week in 
yield among good cows amounts to °63 of a gallon. It is further shown that this is 
not a random increase but that the good cows in 1923 give higher yields on an 
average than good cows in 1912. 

(18) A study of the 1920 records shows that considerable changes have taken 
place in the interval between 1912 and 1920 in yield and certain other characters 
of the milk supply as observed by the Scottish Milk Records Association, but it 
should be borne in mind when studying the results and particularly the figures in 
Table XXVIII that the 1920 figures are from data calculated by the new method 
while the 1911 and 1912 figures are from data calculated by the old method. In 
the previous paragraph (17) the extent of the real change has been shown. The 
appurent changes are as follows: The yield of milk for a lactation period rose from 
635 gallons in 1911 to 697 gallons in 1920. The total yield of butter fat during a 
lactation period rose from 236 pounds in 1911 to 266 pounds in 1920. The yield 
of butter fat per week rose from 6} pounds in 1911 to 7 pounds in 1920. There is 
little change in the average length of lactation period as between 1911 and 1920. 
There is a gradual rise, however, in the average percentage of butter fat during a 
lactation period, when the records of 1908 to 1920 are considered (see Table 
XXVIII). 

(19) The data kindly supplied by Dr G. W. Monier-Williams with respect to 
butter fat have been analysed and the results compared with the results of this 
investigation. It is shown that the best-fitting curves to the Monier-Williams’ 
distribution are Type IV curves. Only in one case was a Type I curve indicated, 
while in another case a normal curve proved to be a good fit. It should be pointed 
out that his results are from a large herd of cows, 65 in number. Table XXX 
shows the mean percentages of butter fat for morning and evening milk, and when 
cows are grass fed or are on winter rations. The percentage of butter fat varied 
from 3°17 in the case of grass fed cows of the Moundsmere herd, to 4°24 in the case 
of the same herd when on winter rations. The other results in Table XXX show 
that butter fat varied from 3°56 per cent. (No. 10 Hull) to 3°98 per cent. in the 
case of No. 8 Lanark. 

(20) The distribution of weekly yield for each year of age was studied in order to 
ascertain the nature of the distributions. The results are given in Table XX XI and 
show that Type I, Type II and Type IV curves are indicated. The fits in all cases 
are excellent, the lowest value of P being ‘37 in the case of four year old cows. The 
mean yield per week varied from 16°88 gallons in the case of three year old cows 
to a maximum of 19°95 gallons in the case of eight year old cows. The yield very 
gradually fell to 19°13 in the case of cows twelve years old and over. 
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(21) The variability of yield per week increases with age from 3:1 gallons at 
3 years of age to 3°6 gallons at 12 years of age (see Diagram LXX). Older cows 
are therefore more variable in the milk yield than young cows. 


(22) An analysis of the 1908—1909 data with respect to yield and age and 
variability of yield and age has been carried out and compared with the results of 
the analysis by Professor Raymond Pearl. The differences between the standard 
deviations of yield and the mean array standard deviations of yield on age are 
discussed. It is pointed out that the differences are not wholly due to the changes 
in the mean weekly yield with age. Another factor operates to affect the change, 
namely, the variability of the yield array standard deviations on age. Taking one 
particular district, it is shown that the variances of the array standard deviations of 
yield on age for Fenwick are higher than the corresponding figure for all Ayrshires. 
Thus the cows of the Fenwick district show greater variability in weekly yield as 
the cows get older than Ayrshires in other districts do. It is shown that there is a 
distinct fall in the correlations between age and yield in 1920 as compared with 1908 
and 1909. Approximately the correlations in 1920 are half the correlations in 1908 
and 1909. 


(28) The values of the correlation ratios and coefficients for all characters are 
shown in Table XXXV. The highest correlation is found between yield of milk per 
week and age. The markedly non-linear regressions are yield of butter fat per week 
on age, and yield of milk per week on age. Diagrams LX XII to LXXV show the 
regression curves for the pairs of characters studied for 1920. 


(24) An analysis of the data was carried out in order to ascertain whether or 
not there is any significant difference in milk yield and other characters studied 
for cows calving at different months of the year. A reference to Table XXXVI 
shows that cows calving during the months of August, September, October and 
November (Group C) have a significantly longer lactation period than cows calving 
during other months. The percentage of butter fat, yield of butter fat per week in 
pounds and yield of milk per week in gallons, are approximately the same for all 
months of the year. Owing to the fact that cows calving in August, September, 
October and November (Group C) have a longer average lactation period than for 
other months, the total yield for an entire lactation period is higher for cows calving 
in these months when compared with the remaining eight months. 


(25) A study was made of the records of 14,416 cows whose records are given 
for 1920 in order to compare the results with the 4912 cows already studied. As 
might be expected, the mean length of lactation period was shorter in the case of 
the 14,416 cows when compared with the 4912 cows, owing to the fact that some 
of the lactation periods of the former are incomplete. 


(26) The values of the correlation coefficients and ratios for the various 
characters on age of the 14,416 cows are given on Table XXXVIII for cows aged 
4,5, 6 and 7 years respectively and for cows of all ages. The regression curves are 


shown in Diagrams LXXVI to LXXIX, 
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(27) A separate analysis was made of the mean yield of milk and the mean 
yield of butter fat per week for 4776 Ayrshire heifers. The results are given in 
Table XX XIX. 

(28) The writer was fortunate to receive from a prominert member of the 
Committee of the Scottish Milk Records Association a large number of private 
records of milk yields of his herd, where the milk yield was accurately determined 
for each cow every day during the lactation period. The actual yields from private 
records were thus available for comparison with the estimated yields from the 
fortnightly tests made by the recorder of the Association. In crder that a proper 
comparison could be instituted, the records of 35 cows which had calved during the 
month of April were first examined, and the results compared with the estimated 
results by the old method used by the Association up to 1914, and by the new method 
used by the Association since 1914. The actual total yield in gallons of the 35 cows 
was found from the private daily records to be 27,148 gallons, while the total estimated 
yield by the Association’s first method was found to be 27,180, or an excess of 32 
gallons for the 35 cows, equal to an average excess of 0°9 gallon per cow. The estimated 
yield by the Association’s second method was found to be 28,053 gallons, or an excess 
of 905 gallons for 35 cows, equal to an average excess of nearly 26 gallons per cow. 
It is thus clear that the old method gives better estimated results than the new 
method. The reasons for this are fully explained in section III (7). It is shown that 
the new method gives worse results than the old method because seven days are 
added to the total number of days in milk, while at the same time the estimate is 
made from the date of calving. The conception that the test can be regarded as 
being taken in the middle of a fortnightly period instead of the end could be adopted 
without adding to the number of days of the lactation period. The article of 
M‘Candlish and M‘Vicar is discussed and it is*shown that the reason why their 
figures appear to give better results by the new method is because they have not 
really estimated the yields by the Association’s method at all. They have omitted 
a number of days which should be included if the Association’s method of estimation 
is properly carried out. Until data of private tests from a number of herds are 
available for comparison with the Association’s fortnightly tests, it is clear that the 
Milk Records Association should go back to the old method of estimating total 
yields by means of fortnightly tests as giving more accurate results than the new 
method. 
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TABLE I. 1911 Data. Quantity and Percentage (Diagrams VIII and X) 
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TABLE III. 1911 Data. Quantity and Age (Diagram XIV) 
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1911 Data. Age and Percentage (Diagram XVI) 
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2) 21) e@ 
S44 
2| 219 : 
2 1 
mh 2 
eee 
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es eh es ee 
5s | 
I 


t | | i 
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1912 Data. Quantity and Age (Diagram XV) 































































































































































































































































































, 
Age in Years 
| Quantity 3 | | | 
Rall 2)3)4)/5/]6) 7] 81) 9 | 20} 11| 12| 13] 14| 15| 16| 17 | 18 | Totals 
Above Upto | | 
HE F Bi Ry ay RE, hay eS ee 9 
200 20 | 4| 12] 7] 2) —}| — Lek Biceel —_ i—[—f 3 
250 300 J 10} 29) 11] 3) 4) —| — | —|- }— | —] -|— 57 
300 350 | 14| 37] 23] 8] 7) 5] 2] 1] 1]—]—] a] 4 |_| 100 
350 400 | 21) 56) 45 23 | 12} 6] 6] 4 l 3 | — | —|— 177 
400 450 | 15114] 74] 35| 24 IG) 2120) 2) 2) 1) Sate 302 
450 500 | 23 |171)129] 69] 41/25] 21/10] 4] 4] 3] 2) 1]}]—]— 503 
500 550 | 33 |175|125| 89| 62| 44 | 44) 25) 20) 6) 5) 3) 4} 1) 1] — 637 
550 600 | 29 | 239| 137] 123) 88] 54) 53] 37115] 14] 9] 4] 2) 1)/—)]1]- 806 
600 650 } 22 | 194] 136] 111] 120] 64 | 72] 41) 27/16] 11] 9] 4] — |—|- 2] 829 
650 700 | 19 | 134] 100] 131] 112] 83 | 62 | 40 | 37] 21] 12] 6] 2) 2)]1)]—]—I4 72 
700 +750 | 161100] 94] 89] 86| 77] 76] 58] 40] 26]}15] 6] 1] 1 | 1 | —|21] 688 
750 =800 | 13 | 75) 65) 71) 70} 61 | 63] 44) 29/19] 8] 5] 1] 2)/—}—] 1 527 
| 800 850 | 10| 53] 41] 62] 51] 57] 62| 40] 29] 15]10] 11] 6 -| 1 |—|]—] 448 
850 900 | 3] 34] 28] 29] 43] 18 | 34] 17] 19] 12] 6| 3} 2}—]—|— 248 
900 950 2} 15| 17] 23) 25) 31] 18 | 22/20] 8] 4] 1)/—] 1] 2}|—|—FJ 189 
950 1000 2} 12 4) Il) 14) 16] 16] 12 8} 5 3 2) 2 1j—j—|— 108 
1000 1050 1}—| 6| 14] 12) 9/16/12] 5|/11| 2] 2] 11]- -}— 91 
1050 1100 l 2 2 5 6} 9 6 5 2 3 2;—|- } — | — 43 
1100 1150 3 1} 4) 4) 4) 5] 2) 5] 4 1 3|—j; 3 l | —|—|— 40 
| 1150 1200 }—|—]} 1] 1) 1] 3] 2] 2] 7] 1] aJ— ee ie |}—|—] 19 
| 1200 & over —|;—-— | l 7 6 6 4 | 6] 6 l | l l | ei l ie = | oald 40 
| | | | | 
| Totals 244 |1455 1053) 910} 788 | 590 | 563 | 391 278} 168 | 96 | 58 31 | ll | 6 l | 5 | 6648 
ae | | a = = = t 
TABLE XI. 1912 Data. Age and Percentage (Diagram XVII) 
Age in Years 
Percentage | | Ss | | | | | 
butter fat a f 6 7 1.8 9 | 10} 11 | 12 13 | 14 15 | 16 | 17 | 18 | Totals | 
Above Upto | j | } | | | | 
| | | | | | | | | | | | | l 
ie 3 : - 5 
— 4| 10 5 6}; 6) 8) 6] 3] 1 2 l 52 
2 9| 29] 47 55 50 46 40| 47/ 23113]10] 8| 2 1 380 
50 | 36 | 147] 154) 161) 161] 134] 141] 92] 81 | 43 | 23] 16] 6] 2] 1 | —| —] 119s 
} 75 45 | 336 | 309] 269] 233] 186] 178 | 107) 84 | 55 | 33] 17 8 | 4 3 | | 2 1869 
| 00 | 78 | 441] 298} 248 yd 133 | 129] 98| 64 | 35 21 12; 12] 4 l 2 | 1786 
| 25 | 39 | 311] 155/113] 97] 52] 44] 26 | 4) 16) 7] 3] 3) 1] 881 
50 24 |136| 52] 44] 23] 22) 15] 10] 7 | 3| — 1|—| } | | 338 
75 J 11} 38] 20] 10] 7] 9| 4] 3] 1) 1] ie | —|- 104 
overs 2} 12] 8] 3) 3) 2] 4) BL rl] 24 eRe 34 
| | | | | | | 
| ’ | | | 
| 244 |1455|1053| 910) 788} 590 563 1391 | 278| 168 | 96 | 58 | 31 1] | 6 | ] | 5 6648 
J | oe 
TABLE XII. 1912 Data. Age and Yield of Butter Fat (Diagram XXVII) 
Age in Years 
| Total yield of | | | | | | | | 
| ee 2) 3] 4) 5) 6) 7) 8} 9 | 20} at! 12) 13 | 14} 15 | 26 | 17 | 18 | Totals 
|_Above Upto | | | me | | | | | 
| @ so | 3] 2] 4) 1) —] 1{—[-] | }—|—|—|—-]- ll 
| 80 100 5} 13) 12) 2) 2)—|—|—]—]—-] fm be fan Be 3 
| 100 120 9| 31] 101 7] 5 3 }—| 1} 1] —] 1 | — | - e | - 68 
120 140 16 | 54] 39] 28] 14 | 9] 6| 4 l ‘_ ae | - |- | - 176 
140 160 | 19| 78| 67| 34] 22 12 | 7\ 12] 5 2} 2] 1 | -E | 261 
160 180 30 | 110/115} 60) 40] 33 | 28] 16] 13] 5| 3], 2]4]1/—]—|} 160 
180 200 19 | 167) 137) 85] 78) 36 | 35 | 26] 16) 10) 8} 2] 1}—] 1] — 2 623 
| 200 220 | 39 | 251/135] 124] 92] 64 | 50| 38]17] 9] 10] 7] 2 |—|—|—|]- 838 
| 220 240 28 | 214] 140] 106] 93] 68 | 74] 43] 25] 20] 15] 8] 3] 1] 1 839 
240 260 | 20 | 179] 103} 123] 102| 79 | 83 | 52 | 50/25/12} 8} 2] 2]— : 840 
260 280 20 | 122] 107] 107/ 108} 8S | 74 | 55 | 36 | 21 10 8 5 l - l 763 
280 300 12 97| 66] 76} 83 | GO | 71 | 32 | 29 | 25 9 9 l ] 2 | 2 576 
300 320 8 | 63] 47] 54 | 56| 41 | 51] 39 | 22] lo] 9] 4 5 | 1 411 
320 340 3 | 32] 33] 40] 28) 35 | 37] 24] 20] 12] 6] 3 | — -] 273 
340 360 4] 24] 14] 26 | GT 15: 1-28 1 16h 47 2S] Si Lis - ~ 180 
360 380 1 8] 11] 14] 18] 16] 8] 10;/11| 7] 4/—|] 1] 2)—|]—|]—J] ue 
380 400 l 5] 6 7 6/13] 10] 6] 4 l 2) 1;—);—{]1ljJ—-|j— 63 
400 420 l 4; 1] 4) 4) 7] 1] 7] 38] 4] 2727/1 /—}—l[—[— 40 
420 440 3] — a; 6S CTT aT 2 4} 4) 3}—J}]—}—J]1ly}—l]—j|— 32 
440 460 = 1} 2) 4) 2) 1] 3] 1) 2]—] 2/]—]1]/—]/—|]—|/— 19 
460 & over | — | — | 2] 5] 2) 5] 3] 5] 2]/— lj ljpirlj—j—|— 27 
Totals 244 [1455]1053] 910 | 788] 590 | 563] 391 | 278] 168] 96 | 58] 31]11| 6 | 1 | 5 | 664s 




















216 


An Investigation of the Milk Yield of Dairy Cows 


TABLE XIII. 1912 Data. Age and Weeks (Diagram XXV) 


zngth of lac- 


Age in Years 












































I | | | | | 
| tation period 2 | 3 | 4 § 16 7 | § |9110\|11 IZ i113 i i4 15 | 16 | 17 18 | Totals 
in weeks | } | | | | | 
| | | | 
| 7— 9 Se BT |. ee Bs ee | i I 
10—12 ‘ ~j—| | | | - | ee eee - = 
3—15 l lj} 2] }—}—}]—]—}]—}]—}]—|]—]-jJ-|—- 4 
| «ieope —| 3] 11} 5/ 2) 5] 1] = l —|- | - ee a 28 
| 1927 s| 6] 15] 4] 1] 2) 2}—] 1] 1 Se ee es 10 
| 22-24 5 | 21} 12} 14/ 8/ 3) 3) 5] 1] 1] 1] 2]- }—|—|— 76 
| 25—27 8 | 50] 37] 35] 18] 13] 12] 13] 4] 4] 2 } 1 |—]- -|— 197 
28—30 24] 71) 87| 58] 57) 48 3 | 21/20) 12} 2] 5] 3] 1 ? l 144 
31—33 33 | 135] 137/130] 108| 79} 69] 46] 41 | 26] 9] 12] 5 Te 831 
34—36 28 | 251 | 252 191 | 194] 142/139] 97] 65 | 34] 25] 15| 4] 3 | 2 ) 1 | 1443 
37—39 23 | 243 | 232| 230] 174 | 120] 136] 101] 65 | 27 | 24] 11 | 6 | 2 | 2] 1 | 2 | 1399 
10—42 39 | 277] 129] 114] 123] 88} 82] 60] 38] 28]} 20] 5] 9] 2] 1|—] 1 | lowe 
3—45 25 |177| 65] 59] 47] 48| 47] 21; 17] 16 | 5| 5] 1] 1} —] | 53 
16—48 23 |102| 34] 30| 33] 18] 16] 11) 12] 10} 3] 1}/—] 1 294 
19—51 11 | 67| 16) 21 12} 11] 11| s| 3 | 3 | 2 |}—|—| | - 165 
52—54 7| 19} 11} 6] 6} 8} 4) 4) 5]—]} 2 ee i. | : 75 
55—57 S| wl si st 3) 1] 4 | 1| - 3] - ie 4] 
58 —60 | ul 2| My = Olt Pt 1 | |—|- 21 
61—63 1} 3] 2] 2] a] 2] 1]- | 1} —| | - 13 
| 64—66 2} 2 S| ed | - | 8 
67—69 a) at 1| Mn St 4 es he 9 
70—72 I — | 2 
73—75 | | l 
76—78 l 1 | 2 
79 and over 1 | l 2 | b= - 4 
Totals 244 jl 155 1053} 910| 788 590 | 563 | 391 | 278 | 168 | 96 | 58 | 31 | 11 | 6 | l 5 6648 





TABLE 


1912 Data. 


Percentage of Fat 


Weeks and Pe 


rcentage 


(Diagram 























SEs iei»visltiseilsel»sjetlelis|{s 
Iehot MSTSIS IS |/S(SiSiSiSi1215 ie. 
lactatio ~ | sg ‘ " | Sq " | 
pone in » ow a x s = vi kad a as <n > rotals 

weeks §& ost 5 . = 2 S “4 S >» ae” 

= rm | ® s | om | > | ss lS 

7— 9 | ! l 
10—12 — 
13—15 a 4 { 
16—18 1| 5 Shoat SE OT Bs 28 
19—21 1} 1] 8} 9{ 13} 6J—] 1] 1 10 
99-24 10: |, TL) SE) BP RL bi 2 76 
25—27 3 | 14] 28) 59] 44] 28114] 6] 1 197 
28—30 i 5 | 39 | 93] 106] 102] 59] 27] 9] 3 144 
at—53 9 | 50 | 158| 235] 208} 110] 48 | 10 | 3 83 
3436 17 | 86 | 287] 423] 369| 170| 60 | 24 | 7 1443 
37—39 ! 3 7 | 87 | 249| 396] 410] 166] 63 | 14] 3 1399 
10—42 l 7 | 43 | 170| 314] 279] 1385] 50 | 14] 3 1016 
13—45 —| 21 | 78|141}154] 91] 35] 10| 4 534 
16-—48 l 4 19 | 82| 78} 53] 15 | 6] 1 294 
I—6§1 1} 10} 32} 35 54] 21) 8 | tf} 1 165 
§2—54 2| 16) 16) 24) 12) 2] 3) — 75 
55—57 1 6| 11} L| 7/ 4)}—| 1 4] 
58 —H0 ; ct ay St ele cis 21 
61—63 1 | | 1| 3 | 8 4) Oh La 13 
641—66 | i St th Ht — 8 
| 67—69 3} — | 1 3) 1 1 9 
70—72 | — } Aj —} 3} - - 2 
73 and over | | E hat 4 | 2| mf | l 7 
| Totals 1 | | 5 | 52 | 380 |1198]1869]1786| 881 338 | 1o4 | 34] 6648 
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TABLE XV. Distribution of Age 
(Diagrams I and IT) 


J. F. Tocurer 





1911 data 1912 data 


Age in — 1 | 
feiss cou hser- 
” 2 Theory a } lheory ero 
2-5 222-0 14] 453-8 | 244 
3-5 839-2 | 955 1113-7 1455 
4-5 772-6 | 750 1113-3 1053 
55 662-3 | 644 987-1 910 
6-5 46-8 521 821-5 788 
7-5 438-0 449 652-6 | 590 
8-5 340-8 350 186-2 | 563 
9-5 257-0 251 364-2 391 
10-5 187-1 232 255°3 | 278 
15 130-7 1i4 170-5} 168 
125 S6-6 95 H 107-5 96 
13-5 93'S | 39 | 63-2 | 58 
145 | 30-5 | 22 | 34-0 | 3 
15-5 15-3 14 16-2 | Ll 
16-5 | 6-3 7 65 | 6 
7S oe oo 20 | 1 
185 | 2 | 3 | 3 
19-4 } | | ] 
20-5 | — l 
1 4591-0 | 4591 | 6648-0 | “648 


TABLE XVII. Distribution of Percentage 


of Butter Fat (Diagrams VI and VII) 


1912 data 





L911 dat | 
Per- Reith an wit 
centage | | | 
ov. F Obser- | Ohser- 
butter fe Theory : ‘hee : 
mutter fat Theor vaon Theory | vation 
| 
| | 
aes ae 
— 2 | 0 
5 47 | 3) 
22-4 26 59-0 52 
245-9 | 240 | 3764 380 
894-5 | 896 | 1186-3 | 1198 
1418-3 | 1417 1911-2 | 1869 
1188-8 | 1194 1707-6 | 1786 
611-0 | 613 | 932-5 881 
216-4 214 346°1 38 
1D | 47 | 96-6 104 
12-5 24 | 22-1 | 34 
2-8 | 53 | 
} 
: : = 
| | 
| 1671-0 | 1671 | 66480 | 6648 
e = Sees 
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TABLE XVI 
Distribution of Quantity 





| 1911 data | 


(Se 


1912 data 


Quan- 
tity in 











| 6648-0 


re | Obser- 
| gallons | Theory | sea | Theory a 
| | 
25 | a oe - 1 
75 -l — | “Dd 1 
| 125 | 3 : 1-7 2 
| 175 | 1-4 2 5-8 5 
295 6-5 12 | 17-3 25 
275 23-1 19 45-0 A7 
325 | 647 | 58 101-2 100 
375 | 145-3 140 197-7 177 
195 267-3 277 | 336-1 302 
175 109-9 425 500-0 503 
525 35-0 523 655-7 637 
575 | 6067 | 623 765-0 806 
625 | 606-7 550 802-3 829 
675 546-1 | 555 | 764-1 762 
25 448-6 | 492 | 668-0 688 
775 | 3410 | 331 | 541-3 527 
| 825 | 242-8 26] 410-9 448 
| 875 | 163-6 162 294-6 248 
925 | 105-3 | 90 | 201-2 | 189 
975 | 65-2 50 131-8 108 
| 1025 | 391 | 4] 83-4 9] 
75 | 22-9 24 51-3 3 
1125 13- | 13 | 30-8 40 
| 1175 | 4 5 18+] 19 
1225 41 | 9 10-5 21 
| 1275 2-3 5 6-0 12 
325 | 1-2 3 3-4 6 
375, | “7 -_ 1-9 1 
1425 | “4 | - | 1-1 - 
1475— | 2 at 6 
25 | — | - | 3 — 
= = 2 = 
Bolt Foe Prr 2: - 
| | sen P= | | 40 
| 4671-0 4671 6648 


TABLE XVIII 


l 
| Number | 
| of weeks | | 


Obser- 











in milk | TI | Obser- |, 
| in milk 1COFY | vation rheory vation 
9 | 3 | 
5 7 | a 
§ +] j 8S | l 
| = 
11 3 l 1-7 | 0 
i4 11 | 2 3-2 | { 
17 39 | 7 | 10-2 28 
20 14-3 | is | 27-9 | 40 
23 49-5 4] 77-1 76 
26 1520 | 124 | 207-3 | 197 
| 29 381-2 | 391 | 496-7 | 444 
32 723-2 | 726 | 949-6 83 
35 983-8 1022 | 1323-8 1443 
38 947-4 | 979 | 13145 1399 
i] | 665-8 639 975°3 | 1016 
44 | 362-7 303 591-7 534 
17 | 164-7 169 | 320-4 | 294 
50 66-6 85 165-1 | 165 
53 25-4 | 38 84-4 75 
| 56 9-4 12 43-3 4] 
| 59 3-5 . 23-2 21 
62 1-3 : 13-1 13 
65 D5 7-2 8 
68 2 - 4-2 9 
él 1 - 2-5 2 
74 15 1 
77 — - 1-0 2 
80 _ “6 2 
83 - - “4 l 
86 — — 6 1 
| 4557-0 | 4557 | 6648-0 6648 
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220 An Investigation of the Milk Yield of Dairy Cows 


TABLE XXII. Regression of Percentage 
on Quantity (Diagrams X and XT) 
Ty A BLE XXII. Regression of Quantity on Percentage butter fat 


_Percentage (Diagrams VIII and IX) | | 1911 | 1912 





in 


Quantity in gallons 



































Quantity : 
EE S| PL TAIT ici, 49 gallons Theory cory | Obser- | Theory y | Obser 
, Wl 1911 | 1912 | ——|— oo 
Percentage |_ ———|— 175 | 388 | 3-75 3-90 | 3-93 
of butter | Obser- | ,, | Obser- 225 | 386 | 379 | 388 | 3-97 
fat Theory | vation | Theory | vation 275 =| «3-85 «| 3-95 | 3:86 | 3-98 
- _—__|—______ |_—_- a 325 3°83 3°78 3° | 3-82 
| } | 675-00 | 375 3°81 3°84 | 3 | 3-79 
| - | 425 3-80 3:81 | 3-81 | 3-80 
| | 645-00 | | 475 3-78 377 | 3:80 | 3-83 
7:86 | 628-85 | 723-74 | 650-96 625 3°76 S47 | IS | 3°77 
| 672-92 | 703-60 | 668-03 575 | 3°75 3°74 | 3°76 | 3:77 
> | 667-86 | 683-46 | 691-57 625 373 | 372 | 375 | 3-74 
641-02 | 663-32 | 670-10 675 3°71 | 3-72 3°73 | 3-74 
| 620-39 | 643-18 648-71 | | 25 3-70 | 3-70 | 3-72 | 3:70 
} 75 | 612-19 | 623-04 | 615-12 | 775 | 368 | 3-68 | 3-70 | 3-68 
| 570-09 | 602-90 | 592-75 825 | 3-67 | 3:68 | 3-68 | 3-70 
575-06 | 582-75 | 554-33 875 3-65 3°65 3-67 2-66 
87 548-88 | 560-42 | 562-6] 532-35 | | 925 3°63 3-58 | 3-65 | 3-65 
I ee 975 | 3-62 | 3-66 3-63 | 3-64 
| 1025 | 3-60 3-66 | 3-62 | 3:59 | 
| 1075 | 3:58 | 363 | 3-60 | 3-67 | 
1125 | 357 3:59 | 3:58 | 363 | 
‘175 3-55 3-63 3-57 | 3-65 | 
1225 | 3-53 | 3-39 | 355 | 3:56 
i 
TABLE XXIII. Regression of Quantity on Age 
(Diagrams XIV and XV) 
Quantity in Gallons 
| | 1911 | | 1912 
| Age | - — | Age — $$ __— 
lheory | Theory | Observed 
| 2-5 513-04 2-5 538-05 558-61 
35 550-12 | | 35 579-94 582-59 
1-5 583-12 | 4-5 617°3 599-03 
| 55 | 613-20 ‘ | 55 650-14 
6-5 | 639-19 | 669-24 | 6-5 | 67845 = | 
7°5 661-48 681-35 | 7-5 702-2 | 
8-5 680-08 | 698-14 | 8-5 721-49 
9-5 | 694-98 729-18 9:5 736-22 
10-5 706-18 } 710-78 10-5 746-42 | 
| 11-5 713-68 | 699-56 | 11-5 | 752-09 | 750-00 
12-5 717-49 725-53 12-5 753-24 747-92 
13-5) 14:7 712-85 664-89 | 13-5, 14-4 742-94 734-38 
| 14 | | 145 | 
15-5 | 155 
| 165 16:5 
18-5 | 18-5 
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TABLE XXIV. Regression of Age on Quaiitity 


Age in years 








Quantity 
in gallons 


Theory 


5-91 


1911 


| Observation Theory Observation 

5-72 5-70 

| 6-11 5-93 

| 6-48 | 6-15 

| 6°75 6-37 

} 6-96 6-59 
7-46 6-81 
7-02 | 7-04 

| 7-46 7-26 

6-98 7-48 
7°63 7-70 
7-92 7-92 
9-20 8-15 
7-72 8-37 | 














TABLE XXV. Regression of Percentage on Age (Diagrams XVI and XVII) 
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| Observation | 
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86 
76 
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Sy Sr Se Sr Sr Se Sr Sr Se Sr Sr Or 





1911 1912 
Theory | Observation Theory 

—— =o pecs 

| — 9-08 

| = 8-63 

- | - 8-19 
7-92 7-38 7-74 
745 | 7-68 7-29 
6-98 6-98 6-84 
6-51 | 6-51 6°39 
6-04 | 5-93 5-95 
5-57 5-69 5-50 
5-10 4-88 } 5-05 
1-63 4:90 | 4-60 
1-15 5-08 4-15 
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TABLE XXVII. Regression of Quantity on Weeks in Milk 


(Diagrams XVIII and XIX) 


Quantity in gallons 











TABLE 


| 
Weeks | = 
in milk | Theory 
| 
| = 
11 259-80 
14 303-38 
17 346-96 
20 390-55 
23 434-13 
26 477-71 
29 521-29 
32 564-88 
35 608-46 
38 652-04 
41 695-62 
414 739-21 
47 782-79 
50 826-37 
53 869-96 
6 913-54 
59 957-12 
62 1000-70 
65 1044-29 
G8 1087-87 
71 1131-45 





XXVITT. 


Observation 





| 509-14 
570-45 
612-38 

| 661-47 
701-76 

729-13 

| 768-49 

| 802-06 

| 850-00 

870-03 

| $50-00 
975-00 

1100-00 
941-67 
1145-83 





| 
| 
| 
| 
: 


192-58 
239-66 
286-75 
333-84 
380-93 
428-02 
475-11 
522-20 
569-28 
616-37 
663-46 
710-55 
757-64 
804-73 
851-82 
898-90 
945-99 
993-08 

1040-17 

1087-26 

1134-35 

1181-44 





Weeks in milk 


Theory _ mx 


Observatic 
225-00 
212-50 
287-50 
337-50 
365-13 
444-29 
508-90 

569-16 


889-63 
946-43 
990-38 
987-50 

1058-33 
875-00 
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in gallo 


Sy Se Oe Se Oy Sy Ge Se Sr Sr Or Sr Or 


975 


1025, 10 








Quantity 


_ Theory 





ISe3 


1911 | 


7 | 
Observation 


| 
| 28-73 
| 32-50 
} 33-28 
34-72 
| 36-04 
| 36-65 
37-56 
38-86 
} 39-27 } 
40-14 
40-83 
| 40-78 
| 42-79 
42-51 





Quantity 
in gallons 


175 
225 | | 
275 
325 | | 
375/ 330-8 | 
125 
175 | 
525 
575 | 
625 
675 
725 
75 
25 
75 
5 


92 


975 


1912 


Theory 





| Observat 


Regression of Weeks on Quantity (Diagrams XX and XX1) 


ion 
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(Diagrams XXII and XXITT) 


Percentage butter fat 


TABLE XXIX. Regression of Percentage Butter Fat on Weeks in Milk 





Weeks 


in milk 


Theory 





Sr Sy Or Gr Gr Gy Gr Or Oe 





11 3-61 
14 3-63 
17 3-64 
20 3°65 
23 3°67 
26 3-68 
29 3-69 
32 3-71 
35 < 

38 - 


47 3:77 
50 3°79 
53 | 3°80 
6 3°82 


TABLE XXX, 


| 
| 
| 





Percentage of 
butter fat 








Theory 


1911 


Observation 


1912 





Theory 


Ob. 


servation 








3-66 
3-66 
3-67 
3-68 
3-69 














Regression of Weeks in Milk on 


Weeks in milk 


| Observation 








ory 








35°73 38-00 
35-99 a 

36-25 36-80 
36°51 34-71 
36°77 35-89 
37-03 37-21 
37°29 37°35 
37-55 37-75 
37°81 37-89 
38-07 37-38 
38-3 37-34 
38-60 38-09 


Observation 








TABLE XXXI. Regression of Weeks in Milk on Age 
(Diagrams XXIV and XXV) 


Theory 


35-82 
36-09 
36-28 
36°39 
| 36-42 

36°35 
| 36-22 

36-00 
| 35-70 


191] 





Weeks in milk 











| 1-5 
36-06 dd 
36-31 6-5 
36-54 7-5 
36-35 8-5 
36-34 9-5 
36-18 10-5 
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TABLE XXXII. Regression of Age on Weeks in Milk 


Age in years 














1 ( sf > 
| Weeks Re Pe | Weeks ee a | 
in milk Theory | Observation | in milk | Theory | Observation | 
-_ - = —_ | a — _ —— aE” — 
| 8 | | 
11) | | | ul | | 
14\ | i4 | 
17 | - | | 7| | | | 
20) 18-5 6-03 6-47 | 207 18-36 | oO: | 5-05 j 
23 6-3 5-01 | 23 5-7 5-61 | 
26 6°47 §-26 | 26 | | 5-69 | 
29 6-54 | 6-79 | 29 | 6-21 | 
32 6-55 | 6-52 | 32 | 6-37 
35 6-49 | 6-52 | 35 6-45 | 
| 38 6:38 6-44 38 6-44 
41 6-21 6-06 41 6-14 } 
| 44 5:97 5-97 Lf 78 | 
47 68 } 5-41 47 5-54 
| 50) 51-4 513 «| 3865-48 50) 53-5 | 558 | 
53 | 53 
56) | 56 | | 
| | | | i2| | 
| 62 
| 65/ 
TABLE XXXIII. Regression of Yield of Butter Fat on Age 
(Diagrams XXVI and X XVII) 
Yield of butter fat 
1911 1912 
Ace ——— Age | - — — 
Theory | Observation Theory | Observation 
2-5 216-10 2-5 210-85 214-10 
33 218-27 a) 222-50 
1-5 218-32 4-5 232-98 
i) 232-49 i) 242-28 
6-5 246-51 6-5 250-40 
7-5 250-18 7-5 257-3 
8-5 253-54 8-5 263-11 
| 9-5 256-86 268-17 9-5 67-69 
10-5 258-34 257-76 10-5 271-10 
11-5 258-27 250-35 11-5 273°33 
12-5 256-66 260-11 12-5 274-38 
13-5) 14-7 | 247-69 | 241-24 13-5) 14-4 273°12 
14 5 14-5 
} 15-5 15-5 
16-5 } | 16-5 
17°5| 17:5 | 
} 18-5/ | | | 18-5 } 


TABLE XXXIV. Regression of Age on Yield of Butter Fat 


Age in years 


¢ 919 
Yield of ot ~ 
butter fat Theory Observation | Theory | Observation 

50 27 3°50 

70 4-49 5-50 4-29 | $14 
90 1-71 1-17 4-51 4-00 
110 | 4-93 1-45 4-73 36 
130 5-15 5-Ol 4-94 1-98 
150 5:37 5:26 5-16 i111 
170 5-58 5:67 5:38 5-48 
190 5-80 5-93 5-60 5-4 
210 6-02 5-86 5-82 D:56 
230 6-24 6°17 6-04 6-02 
250 6-46 6-44 6-26 6-43 
270 | 6-68 6-87 6-48 6-55 
00) 6-90 7-07 6-70 6-81 
310 7-12 7-30 6-92 6-91 
330 7-34 7-51 7-14 | 7-10 
350 7-56 7-06 7-35 7°20 
370 7-78 } 73 } 7:57 | 7-51 
390 7-99 | 8-09 | 7-79 7-50 
4110 } 8-21 | 5-80 8-01 8-18 
130 | 8-43 8-00 | 8-23 7:72 
150 8-66 9-36 8-45 7-92 
170 | 8-88 8-06 | 8-67 8-3 
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TABLE XXXV. 1920 Data. Age and Percentage of Butter Fat 


Age in years 













































































Percentage | | | | | | | | | | 
| butterfat] 3 | 4] 5 | 6 | 7 | s | 9 | 10| 11 | 12 | 13 | 14} 15 | 16 | 17 | 18 | Totals 
| bove Upto | | | | | | | 
2-75 1 - 1 | 
3-00 -|}—j}—] 1)—] ‘| 
3-251 1] 18| 15| 10] 16] 15 92 | 
3-50] 10 | 83 | 79| 80] 93) 47] es 499 
3-75) 30 | 288| 264] 232] 182] 135 | | 1]- 378 | 
1-00) 37 | 437| 414| 310] 226) 152] 1 | 1828 
4-25] 24 | 213] 203] 134 95| 52| 1} 1 | 1] 830 
1501 8 | 76| 60] 33| 19] 17| | ic 235 
751 2| 10] 7| 9] 4 ss : 34 | 
500) —| 3} 3 | 1| 1 | — | oni 9 | 
5-25 } a] 2) 1} —] }—|—|— 4 | 
5-50 1| i | 
| | | | | 
Totals] 112|1129|1047] 812 | 636 | 419 27 | 2 | 4] 1 | sgn | 
Sas ee med, a ‘aba (ie i ae 3 4 eS ee aos | 
TABLE XXXVI. 1920 Data. Age and Weeks 
Age in years 
Length of lac- | | | | | | | | 
he gy } 4] 5 [6] 7] 8) 9] 10 | 11 | 12 | 13 | 14| 15 | 16 | 17 | 18 | Totals 
tbove Up to ee ee | mm | | 
| 3-50 6-50 | l 
| 6-50 9-50 | — ] l 2 
| 9-50 12:50 1| 3 bt ey] : 7 
12-50 15-50 2 ee: 1 | 8 
15:50 18-50 ] 4 2 7 l a ae i 3 - 17 
18-50 21-50) 4| 11] 7| 5] 2) 1] 1 | -|— | 32 
| 21-50 50 S192) 46): 37) 81 11) 6) t) 8 83 
24-50 27-50] 2| 36) 31] 26) 26) 13] 13] 5] 7 | 160 
97-50 30:50) 8 | 70\ 71) 53| 39] 23 | 21] 13] 7 ese ee 312 
20-50 33-50 1 15 |132)114] 91] 90] 49 | 33 | 29 | Is | 1} | l 2 l l 587 
23.59 36-50 | 11 | 170] 181 | 141] 120] 72 | 44 | 46] 21 | 16] 5) 4 3 |— l 835 
6-50 39-50 | 21 | 219] 194| 172] 127| 91 | 57 | 42 | 22 | 20] 10] 4 979 
29-50 42:50 | 11 | 206| 190) 139] 97] 76 | 51 | 48 | 24) 17}] 6| 2 | | 869 
12-50 45-56 20 |156| 122) 87} 70| 44 | 24] 16] 15 2] 5) 2 2 565 
15-50 48-30 9 | 75| 72] 42) 40) 23 | 14] 16 oe) oy 2 299 
18-50 51-50 6} 20] 28] 26] 12; 9|10) 4] 3 | 2 1 | - 121 
150 5450) 1| 4) 8| 2] 5] 4) 1]—]—] } 1 27 
54:50 57°50 i l 4 l 2 l | | 8 
Totals | 112/1129}1047| 812] 636 419 | 276| 223 | 122] 75 | 32] 15 | 7 }2| 4 | 1 } 4912 
t t | | | 1 | 
TABLE XXXVII. 1920 Data. Age and Yield of Butter Fat per Week 
Age in years 
Yield of butter | 
ixtper week Ts | 4) 5) 6) 7) 8 | 9 | 20/1) 12) 13) 115 | 16 | 17 | 18 | Totals 
thove Up to s Saree 
00 3-50 9 l l : } 4 
3-50 1-00 l 4 l l 2 l 10 
00. £608 5) 28) 18] 10) 4) 2] bh Sy 2] 2 l 58 
1-50 5-00 3 1] 30 A | 15 8 { 3 4 l l 1 32 
00 5-50 112 |} 118} 67| 45] 25) 11 16 7 5 3 1 2 l 313 
50 6-00 | 22 | 162) 94| 70; GL] 31] 24] 16] 5| 7] 4 I 498 
00 6-50 | 13 |176| 166} 96] 74; 36 | 39 | 27 | 18 110] 2 2 l 660 
6-50 7-00 1 22 | 186] 188|117| 102] 58 | 49 | 32} 16 | 1 | 8 | 1 I 791 
00 7-50 | 12 | 153] 149] 122] 92] 74 | 32 | 37] 21) 10) 5 | 4 | 2 713 
50 ~=—-8-00 102] 119} 110] 88} 60 | 33 | 31 | 10] 11 3 l 2 l 579 
00 =—8-50 7 | 8O0| SL] 80] 62) 44 | 25 | 27 | is | 5] 5 l | I 437 
350 900) 4] 44] 61] 73] 51) 37 | 91|14| 5] 5] 2; 1 322 
00 9504 1 | 27| 40| 23] 23) 28] 11] 14] 5] 4 | 2 178 
9-50 10-00 21 11] 15] 23] 25] 14 6/10] 4] 1] 11 
10:00 10-50 | a| 15] | 6G] u] 4] 3] 4] 5) —|] 1 64 
10-50 11-00 6) 2b St 34 (Be —— 4 2 |— | 22 
11-00 11-50 | 3 “(ae Te EE l | J - | | - 11 
11-50 12-00 - 2) - | | | - 2 
12-00 12-50 1|—| 1]- | 1 | 3 
12:50 13-00 1} - | | - eat | l 
13-00 13-50 | l | - si 1 
13-50 14-00 J | l Fe Wet 2 











12 1129]1047| 812] 636 t19| 276 | 22: 
2 ie ee ee =n 




































































226 An Investigation of the Milk Yield of Dairy Cows 
TABLE XXXVIII. 1920 Records. Age and Yield of Milk per Week 
Age in years 
Yield of milk | | | | 
ieations 2 | 41 5| 6/7) 8 | 9 | 10) 11} 12 17 | 18 
Above Upto | | 
7:50 8-50 | - — | 1|- | — | — 
8:50 9-56 - | 2} 21 —] 1|- —|—|—|- -{|—|— 
950 1050) 3| 5) 1) 1) 3} —|—|—|]—]— | <b 
10-50 11-50] 2 | 10} 8} 7) 1}—| 1 =| ee -|—|— 
11-50 12:50] 2| 25] 17| 9| 5| 4] 4] 2] 1] 1 t= 
12:50 13:50) 9 | 76| 29] 18 9| 2] 4] 1] 1] a|— -|—l— 
13:50 1450111 | 76| 57| 38\23| 9| 7| 6| 4] 2] 3 ee 
14:50 15-60) 11 |115| 79| 43| 34] 24] 11] 8] 4] 5] 1 BE 
15-50 16-50 | 15 | 149| 119] 74| 59 | 23 | 231/16) 9| 7] 4 l - 
16-50 17-50 | 16 | 148) 131] 94) 58 | 34 | 32 |i5|12| 6| 5 —j— 
17:50 18-50 } 11 lis 132| 83] 73 | 49 | 39; 22) 17] 6] 5 | oe te 
18-50 19-50 } 10 | 117| 112] 113] 87 | 51 | 35 | 33] 1b) LO} 2 t= 8 
19:50 20-504 & | 97|107| 79] 69 | 51 | 25 | 30] 13 110] 3 | ay im | = 
20:50 21-50] 3 | 63] 93] 88] 70] 49| 31] 29] 9] 7] 4 -| l|— 
21-50 22:50) 5 | 42| 63| 49| 45 | 32] 14] 18| 10] 3] 1 -}—|— 
2-50 23-50] 1| 19] 33| 38) 38] 27] 17] 17] 12] 7] 1 -|—|— 
23-50 24-50] 2| 20) 23) 34/27] 19] 13] 9] 3] 2] 1 od fess 
4-50 25-504 3 | 10! 15] 22] 17] 20} 8/10] 3] 4] — |—|— 
25:50 26501— | 7| 13] 7| 4) 15] 2] 4] 2) 3] 1 | — Fas 
26-50 27-50 | 2) 7) 9} 5] 5] 4] 2}—J[—]— |—|-— 
27-50 28-50 | 2} 1] 4} 2] 1] 1] 2] es 
28:50 29-50 2 Pp} 4] 2 2i- 3 -|— | - 
9-50 30-50 2 2 | oe 
30-50 31-50 | 2} 1 2 -|— — 
31-50 32-50 | 2 — | — 
32-50 33-50 -- -|—|— 
33-50 34-50 } 1 — 
| | | | | | | | 
Totals 112|1129|1047] 812] 636 419 | 276] 223] 122| 7 2 | t | ) 





TABLE XXXIX. 





Percent 





1920 Records. Percentage Butter Fat and 


age butter fat 


Weeks 














Lensthor SPS 1S i xisis/i/sisits 
lactation = Go Ka ~ Rog op + | | Sa 
period in ™ Totals 
weeks sis %» > “> Sis > 6 
Jp = ; ° . in es bs rc 
Lbowe a | pat Bs sce Pia aka Ry 
350 6:50 | - | 1| 1 | 
650 9-50 I l . | 2 
9-50 12-50 1 | | 2 | 1} 2} 1 7 
12-50 15-50 l | 1} 3] 1] 2 8 
15:50 18-50 2 I l | 4| 5) 3 17 | 
18-50 21-50 1} 5] 1 9| | 2 32 
1-50 24-50 $| 9| 25) 29] lo) 3 83 
4-50 27-50 4 | 27] 41] 52] 20] 12 160 
7-50 30-50 9 | 37 | 113] 95| 38) 15 312 
30-50 33-50 15 | 85 | 172] 203] 87] 22 587 
33-50 36-50 17 | 97 | 234] 313] 140} 28 835 
36-50 = 39-50 12 | 92 | 268| 375| 172) 50 979 
39-50 42:50] 1} 17 | 79 | 255] 316] 153) 43 869 
12:50 45-50 3 | 36 | 135] 246) 106] 3: 565 
| 45-50 48-50 I 4) 22) 79} 109 66 | 14 299 | 
| 48-50 51-50 1| 6 | 26] 60| 22] 6 121 
51-50 54-50 -| 1] 12} 9} 4| 27 | 
54:50 57-50 l I l 1 1} - 8 | 
Totals 1} | 92 | 199 |1378 182s] 830 | 235 4912 | 
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. ~ 
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per week 
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1920 Data. Weeks and Yield of Butter Fat per Week 


Length of lactation period in weeks 














in gallons 








| 
‘60 


aT 





54-50 

















TABLE XLI. 














ee 
is | 
; > | 
isa | 
ae 
| 
sis ls | 
p> oD a) 
i. > 
3-50 | 
1-00 | 
1-50 | 
5:00 
5:59 
6-00 
6-50 
7:00 
7-50 l 
8-00 | 
8-50 
9-00 l 
9-50 
10-00 
10-50 l 
11-00 
11-50 | 
12-00 
2-50 
3-00 
3°30 
1-00 } 
Totals 1 | 2 | 
i 
5 a = 
of milk 5 S — | 
‘y »} | | 
pt week . | 
Ups|> |e 
- 
l 
l 
id 
| 
-|- | —_ 
1] 2 | 





1920 Data. Weeks and Yield of 


Lensth of lactation period in weeks 
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15-50 


50 
50 
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99 
a0 


12: 
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TABLE 


XLII. 


Percentage bi 


itter fat 








1920 Data. Yield of Milk per Week and Percentage 


of Butter Fat 
































Yield & sisislelelsislelsis | S 
of milk es oh ay sa naa ae Eee A ae oe eee Be 
per week ™ ik : } ie ‘ 5 Totals 
| in gallons 3s 9 = _ > 2 | s | ~ i S wiles w% 
| Ups Ffafajals /s{sjs]slele | 
| Above to % } : : . } | : | 
| 7-50 1| - | 1 | 
| 8-50 . HS) Eh ee - 5 
| 9-50 o) Tet et a : 13 | 
| 10:50 Sh! Shae BF St i |- 33. | 
11-50 1| 5] 17| 29) 14 -f l 71 
12-50 2 | 5 | 32) 57) 44) 8] 2] 1 151 
13-50 3116] 48] 87] 64115 | 3 | - ire 236 
| 74-50 | 5 | 23 | 87] 137] 65] 20] 1 | — | 1 | 339 
| 15-50 L | 9] 47 | 120] 175] 102] 39 | 4} 2 | - 199 | 
| 16-50 10 | 63 | 139] 215] 78] 39 | 5B} 2 1 552 | 
| 17-50 9 | 65 | 170} 219} 90) 25 | 5 2\;— 585 | 
| 18-50 11 | 55 | 186] 221] 87] 21 | { Qe 586 
| 19-50 9 | 61 | 150)171] 85] 16] 3 | l 496 | 
| 20-50 11 | 54 | 141] 157] 67| 14] 2 l 148 
21-50 6 | 31 | 72|)123]} 42] 9] 1 | 284 | 
22-50 5 | 26 | 70} 70| 31} 11] 1 214 | 
| 23-50 -| 14| 56] 62] 17] 3 1% 153 | 
| 24-50 3| 17] 37| 39] 14] 2 112 | 
| 25-50 3/ 5] 20] 23] 6 I 58 | 
| 26-50 3 14; 16 2| - 35 | 
27-50 2 5} 3 3} — 13 
| 28-50 1 2 Bi S| 6Bhlg 15 | 
| 29-50 ; 2 1] 1|- | 4 | 
30-50 L1j—| 3 1 | 5 | 
| 31-50 I l 5} 
| 32:50 ! l 
33-50 | l 
Totals 1 | 92 | 199 |1378) 1825] $30] 235] 34 | 9 
} 


TABLE 


XLII. 


1920 Data. Month of Calving and Percentage 





1912 


of Butter Fat 

















Percentage butter fat 
Siw ls |] xs > 2 | s 2 |lelelelels 
| al=> 1S {3s S = > 2 }Sie1s{ae]s 
Month BP) VR] Os |e] & > “ [ *e PHL es] so ,o]s 
| oo Bs = > > > ‘> > wists is{]s | ice 
td ie sy > ~ i 2g = = bes al cae ae | 
: = |e 2 AE eo | es 1S | 4 
December 5| 16 | 62] u3| 47] 12] 1{1/—|—]| 257 
January 6 52 142 | 217 81 | 3 et Sot tf 539 
February 21 119 332 365 | 176 | 40 7 | 1060 
March ! 28 159 365 178 09 51} 10] 2 | 1303 
low | | | | 
| 'Totals—Group A 1 | 60} 346 | 901 | 1173 | 513 | 137) 22| 5 | 1 | 3159 
| 
| April 11 | 65 | 190 | 243 | 11 | 32] 4] 3 | 1 | 660 
| May 5 24 86 | 123 Be} 10) 2 212 | | 304 
June 7 16 15 58 25 | 14] 2 o)— 7 ae 
| July { S| 1 29 13 | 7| | 78 
| 
| ‘Totals—Group B | 27 | 113 | 338 | 453 | 201 | 63} 8/4] 3/4 | 1211 
| August 7 30 30 19 5] 1 }—j} 9 
Septembe r | 12 | 29 a) 2) 5 2 | | 108 
| October 3 s| 33 | 65 | 37 | 15] 1] | 162 
| November 1 | 13 | 47 72 | 39 7} ae fea 180 
- ! - ee 
| Totals Group C | 14 5| 40 | 139 | 202 | 116 | 35 4|- | - | - | 542 
| 
| Grand totals 1] 1 | 9 | 499 | 1378 | 1828 | 830 | 235 34 | 9 | 4 | 1 | 4g12 
ES ae - | 
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XLIV. 


SHER 


1920 Data. Month of Calving and 












































Age in years 
| Month of calving | 3 | 1 >| 6 | 7 | Rigo 1 1] 12} 13 | 14] 15 | 16 | 17 | 18 | Totals 
ie ed = aa | | | | 
| December | 10| 77] 64] 39] 24| 18] 13] 4] 5 | 3 257 
| January 4 | 138 | 99} 94] 75] 44] 32] 23] 18 5 { I l 1 D389 | 
| February | 8| 244] 219] 1791136] 98] 63] 51] 25 | 23/10] 4 LO6O | 
| March | 16] 252] 268] 218] 191] 13 79| 71] 36] 21 9] 7 1 ! 1 | 303 
| ! | 
Peers l l | l 
| Totals—Group A | 38 | 711 | 650 | 530| 42 | 201 | 187/ 149| 84 | 52| 23/12/ 2 | 2 | 1 | 1 | 3159 
| | 
April 15| 155/135] 102} so] 48{ 46] 37] 20 | 10 f I 5) 2 660 
May | 13] 78] 61] 44] 42] 22] 21] 5] 8| 7| 1] 2 304 
| June 9) 41) 39] 21] 23] 11 Ss 7) 2 5 2 1 169 
July 7 8} 12] 16] 8] 11 1/ 7| 4 | | 78 | 
: i ] ] 
Totals—Group B 44 | 282 | 247/183/153/ 92) 79| 56) 34 | 22 8 3 5 3 1211 
August 7| 19 22 21| 13] 4] 1/ 3] 2 92 
| September 7, 23) 21 11 7 2 ) ! 108 
| October 1] 1] 53] 22 14 1] 3 7 162 
| November 5] 45] 52] 35] 19] 14 ! 3] 2 l 180 
i ee a ! | ! | ] 
| Totals—Group C 30 | 136/150; 99) 57) 36; 10; 18 1 i 1 542 
| | as pers | (pas ] = : : is 
| Grand totals 112 1129) 1047) 812 636 | 419 | 276 | 223) 122] 75 | 32] 15 r 2 1 l 4912 
| | i 
TABLE XLV. 1920 Records. Month of Calving and Weeks in Milk 
Weeks in milk 
| tlelcistclaieictztareleiciet 
Month of + EE eR Oe SR sf ER fed fe TN Pe as) de 
| Calving Si ste (Ss iste fs io fe hs | sts to be te — 
~ re ~ N >> > 5 a8 aS 33 ~ ~ ~ as aS 
December { 7 li 32; 65] 50 16| 32 7 3 —: 
January l 2 | 3 4 9 37 65] 1 $1) 134) 91 1) 8 3 I 
| February l l l 5 5 | 16 57 | 137 | 203 | 262 | 244] 102 7| 16 3 i- 
| March l l ence 4 | 18 | 42 | 104} 215) 356] 299] 119] 52] 63] 19 | 2 1 | 1303 
| Totals | | | 
| | cm \ | . i 4 8 9 26 | 66 | 177 400 | 656 | 767 | 547 | 291 | 142! 50 | 11 2 3159 
, ) i | 
} | | 
| April 2/1/21! 9 | 21| 54] 84/146] 62] 31] 97] 89] 40] 18| 4 660 
May | 2} 11]21 7 | 20] 30] 29) 6] 19] 56] 59] 41] 22] 5] 2] 31 304 
| June | l } 2] 11 l 4! 10} 28] 36] 37] 27 9| 3 169 
July | ae patais / 2| 1] 7! 9] 296] 6| 9] 6 78 
a : —— ! | | = 
Totals— (ees tee | | | 
Gr i | 11]65]8 | 5 | 20] 55] 85 119 | 163 | 116 | 182) 219) 163) 80/ 32) 9 | 4 | 1211 
| ALO > | } 
| | | | | | | 
August | J | | 2 2 | l 2| 2| 10 20 | 14] 16 8 s) 2 92 
September 2 | J 2). Fi Sh) Fh Shoes) 2h Ba l 108 
October l t} UL) 12) 14) 17] 25) 36) 30) 8) 3] 1 162 
November | |} 3} 1] 3] 18] 36] 43] 32) 28] 14] 2 | - 180 
} op 1 7 | | | | | | | | | 
Totals— | , | yy | ah acl all oak wa Gillie a 
| Groupc | 1 -|}—| 1] 4] 3) 2) 9] 16] 24) 63| 80} 103/111) 77) 39) 7] 2 | 542 
} } | | | 
| ‘ | | | | | ] 
| Grand totals ae | 7 8 | 17 | 32 | 83 | L60 | 312 | 587 | 835 | 979 | 869 | 565} 299 | 121 7 8 1912 
| { | | : | 
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Yield of 
butter fat 
per week 
in pounds 


fhove Upto | 
3:00 3°50 
3°50 1-00 | 
1-00 1-50 
1-50 5-00 
5-00 5-50 
5-50 6-00 
6-00 6-50 
6-50 7-00 
7-00 7:50 
7-50 8-00 
8-00 8-50 
8-50 9-00 
9-00 9-50 | 
%50 10-00 
10-00 10-50 | 
10:50 11-00 | 
11-00 11-50 | 
11-50 12-00 


| 
12:00 12-50 | 
12:50 13-00 
13-00 13-50 
13-50 14-00 


Totals 


TABLE 
d Be 


Yield of milk 


per week | 
in gallons 
Above Upte | 

8-50 

8-50 9-50 
9-50 10-50 
10-50 11-50 | 
11-50 =12-50 | 

12-50 13-50 





TABLE XLVI. 


December 


te Or be bo 


XLV 


1 


December 


1920 Records. 


January 


SS a3 3-1 Or bo 
mm IS St 1 SOO bo bo OO i bO 








176 | 239 


| 527 


168 | 195 | 473 


1} 145 | 
95; 119 
73} 95 
30) 49 
21} 29 

9 13 
3 2 

3 2 

l 


382 
314 


539 |1060/1 I: 03! 3159 


1920 Records. 


IT, 


s | & 
> | x 
4 
2 9 
2 | 12 
13} 16 
21 47 | 
25 | 71 
47 118 
71 {117 
73 | 133 
58 | 121 
57 | 116] 
5d 108 
35 | 69 
26 19 
5 26 
3 | 24 
8 | 10 
7 { 
3 3 
1| 4 
l l 
2 1} 
| 1| 
539 |1060| 13 








| 
| 
| 
30 303 








»3| 3150] 














Month of ( ‘alving and Yield of Milk per We 


27 | 1 
34 | 2: 
3| 38 l 
104| 47 | 23 
81| 46 | 29 
77| 30 | 12 
44] 15 | 20 | 
30} 22 | 9 | 
29; 8 6 
9| 11 | 2 | 
12 3] 4 
et} 2] 3] 
9] 
1} 
l 
l 
9| oso |: 304] 169 | 





An Investigation of the Milk Yield of Dairy Cows 


Month of Calving and Yield of Butter Fat per Week 


Month of calving 











bs | | ay ee 
Dn = 4 a ~ 
St ® Ss © = 
2/2/28 | z = 
}2a|- |4 
fiwbotmt g 4 
—|—|—/|—]|] — 10 
2} 3| 7] 3] 15 58 
5}—| 3| 7|.15 | 132 
12} 5| 7] 12] 36 4313 
12/15/17] 16] 60 | 498 
¢ 10 | 14 | 21 | 21 | 66 | 660 
11 | 185 | 12 | 19 | 16 | 32 | 79 | 791 
6 | 162 9 | 15 | 32 | 22| 78 | 713 
13 | 182} 6] 18] 21] 20] 65 1579 
3 82 6] 5|16/] 141] 44 437 
6| 67 s} 6) u/i| 36 322 
2} 45] 6| 3! 3] 10] 22 | 178 
3 | 2] 2] 3] 3 6 | 14 } 111 
ri ae— it Ee) at-s 8 64 
— | r=} 3 | l l | 3 22 
Si ti; —|—] 3 2 1] 
l ae . : 2 
-| —F—]- l 1 3 
15j—/|—| . I 
at. ; 
1 2) 
78 | 1211) 92 | | 108 | 1 162] 1980 [180] 5a 542 | 4912 


Month of calving 














Beal 

2) 3] 

3/ 3] 1 
1] 8 | 2 
321131 6 
15 S 20 | 
55 | 34 | 12 
71 | 31 | 15 
63 | 41 19 
80 | 31 14 
77 39 19 
61 | 23 | 17 
56 18 13 
26 | 11 10 
2@/|12| 7 
23 9 6 
12 7 2 
7 7 3 | 

4 2 2 

l } | 
3 2 - 
l — 

l I 

l 

] 

— Vee Soe, | 
stand 304 | 169 












































| 
;'!Ars 
= | => 2 
b=} = of 
= I 
—| 1 
oe 5 — 
2 9 3 
2 23 4 
5 56 3 
3 76 | 10 
10 | 1414 8 
8 | 125 | 12 
8 | 131 7 
6 | 131 5 
9 | 1447 11 
7 | 108 3 
2 89 4 
8 55 6 
l 44 5 
2 40 2 
l 22 6 
2 19 l 
1 9 
~- 2 
l 6 
- 1 
2 a 
- 1 l 
1 
78 | 1211] 92 











| September 





October 





November 


| 108] 16 162 | 180 180] 64 542 
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TABLE XLVIIT 


Fenwick District—1920 Data. Age and Yield per Week 








Quantity in gallons 
































%»> Jig ba fea [ig |g Jag fas |'9 1's | | | ss a) D1 |S] ] so | so | o 
Agetnlialalwislslrlalalseo|/alala | = la //S/ [A/a /]s | Totals 
™~ |= |~ Lo \> ,™ ~~ |= IN] NIN }X | nN | | >19 | ie >) 

| | | | | H | | | 
4 lilajals|z7[s3i7}7}s]ifil—le}i | —] 45 
6 J—|2)1)2)4)7)/2)3)6)9)5)3/3]3)]2)]2 1 | l 5G 
6 qi|—l1 L}—|6)2|5|5|3)4]2 21 l |—]1 35 
7 ¥- —|1)/215/5(5|7}—/2)3|2/2)] 1 l | 36 
8 | A ij —i—t 2435814 )— 1 ft] 12 
9 f—|—jrjaijajils}3jaijasila 1} 1 19 
10 : 3 ene — | 1|1 6 
11 }- 2 |—| 1] 2 1 l 7 
12 5! Seyi 8] 1 |— - 5 
13 -| - }—|—|—|—| 1 | l 
Id | hae = | | | ‘ate | | { a 
| ! ] 
Totals] 1 | 3 17 | 7 | 16] 28] 16] 29/ 33] 26| 14/13] Tlolslafeola 2 1 | 224 


TABLE XLIX. Distribution of Age in 


Years (Diagram XLIT) 


Age in 
years 


~ 
> 
Sy Gy Or Sr Sr Ge Sr Ga Sr Gr Gr Sr Sr Sr St ST 


Totals 


TA BLE L. 


Yield of butter 
fat per week (Ib.) 


1920 data 


Theory 





ae 2.95 . 
1920 data | 2.75 J 
a crit | 3.95 2-9 
Theory Observation 3-75 14-2 
- or 51-8 
148-9 112 yee hei 
1080-5 1129 5-25 299-] 
1034-4 1047 5-75 499-1 
835-3 | 812 6-25 675-1 
624-0 | 636 675 759-0 
141-3 119 1.95 726-2 
297-7 276 | 7-75 604-3 
191-8 223 | 8.95 | 446-1 
117-8 22 8-75 297-5 
68-6 75 9-25 181-0 
376 32 9-75 103-5 
19-3 | 15 | 10: 55-4 
9-] 7 | | 10- 28-3 | 
3:8 2 . 3:8 
i | 2 | oA 3 | 
“« | l | 2. 3-0 
om | | : | 2. 1-4 


<2 0 BZD 8A DO NO WO 
Sy Ge Se Sr Or Or Gr Or Or Sr 


Totals 





Distribution of Yield of Butter 
Fat per Week (lb.) (Diagram XLIV) 


| Observation 





TABLE LI. Distribution of Length of 
Lactation Period in Weeks 
(Diagram XLV) 


| Length of lactation 
period in weeks 


Up to 5 
8s 


TABLE LI 
TABLE L ° 


Average per- 
centage butter 
fat 


Sy Se Ge Gr A a HR BR 


An Investigation 





1920 data 


Theory 


CO 
S bo 


29-8 
8-9 
1912-0 


Distribution of 


Average 


of the Milk Yield of Dairy Cows 


TABLE LIII. Distribution of Yield of 
Milk per Week (Diagram XLVI) 





1920 dats 
Yield in | sees | 


| gallons 
Fin 
| 





| Theory | Observation 








6 “1 | 
7 3 =e | 
8 | 1-2 | 
9 4-2 5 | 
7 = 10 12-6 13 
pete as 11 32-6 33 
Observation | 12 pe ba | 
3 141-8 151 
; 14 240-8 236 
9 15 359-4 339 
~ 16 4752 199 
8 u as | D 2 | 
17 594-4 D385 
32 19 572-8 586 | 
83 20 505-8 496 | 
160 21 412-7 448 | 
312 22 313-6 284 
587 23 223-8 214 | 
835 o4 151-0 53 
079 25 97-0 M2 
A 20 DS ha 58 
pee 27 4 35 
299 28 20:3 13 
121 29 11:3 15 
27 30 6-2 4 
a 31 3-3 5 
. 32 7 | 2 | 
re 33 e 1 
ae ee oe 
| 35 2 - | 
| 36 | 4 _ 
| 4912-3 | 2 | 


TABLE LIV (a). 
Milk per Week for 3 and 4 Years of Age 
(Diagrams LX and LXT) 

zar : 1920 data - 


Percentage Butter Fat ) a of aks ; 
: Ss milk per 3d years ears 
(Diagram XLITI) wails te a8 
gallons | Obser = Obse1 
1920 data Theory vation Theory vation 
Theory | Observation 7 | ' 
| § 1 1 
9 3 l L-O 2 
om | | 10 1-1 l 4-2 5 
1-0 l 11 2-6 4 13-0 10 
8-7 l 12 5-0 4 30°5 25 
74-7 92 13 7:8 9 57-5 76 
474-4 499 14 LO-6 11 90-1 76 
1471-7 1378 15 12-6 1] 121-0 115 
1749-0 1828 16 13-5 15 142-2 149 
848-7 830 17 13-3 16 148-5 148 
225°8 235 18 12-0 ia 139-4 146 
16-3 34 19 10-0 LO 119-0 117 
9-1 9 20 7:8 8 92-9 97 
1-9 21 57 } 66-7 63 sO 
“4 l 22 3:9 5 14:3 12 
4 zZ 22 2-5 i 27-3 19 
om | 24 1-5 2 15-6 20 | 
| 2 | 2 8:3 10 
1912-0 1912 Re Se 1} 41 7 | 
- . | #7 | | 2-0 2 
| 28 | -] | | ‘8 
29 - - | 3 
30 - a 
31 = - J 
112-0 112 1129-0 1129 





Distribution of Yield of 














TABLE LIV (6). Distribution of Yield of 
Milk per Week for 5 and 6 Years of Age 
(Diagrams LXII and LXIIT) 


J. F. 


TocHER 233 


TABLE LIV (c). Distribution of Yield of 
Milk per Week for 7 and 8 Years of Age 
(Diagrams LXIV and LXV) 





























1920 data | 
Yield of —_—__— 
milk per 5 years 6 years 
week in |— Sa, Soe ee Pe) 
gallons a! | Obser- | Obser- 
Theory vation | Theory | y ation | 
eh Sie 
8 2 l 2 | = 4 
9 8 | l 6 | 
10 | 24 = | co ee 4 pA 
mw | 26 + 8 eee 
2@-| 260 |. 1 33.4 9 
e | 383 | 99 186 | 18 
14 | 56-1 57 33-0 | ta | 
15 | 844 79 51-7 | 43 
16 110-9 119 71-7 74 | 
17 128-5 131 | 88-7 94 | 
18 132 132 98-2 83 | 
19 123-6 112 98-2 113 | 
0) 104-9 107 89-3 79 
21 82-0 93 74-5 88 
22 67- | 63 | 57-6 49 
j 23 40-8 | 33 41-6 | 38 
j 24 26-4 23 28-3 34 | 
3 | 63 | 18-3 22 | 
26 | oy | 8 11-3 | 7 | 
—_— 56 | 7 6-7 | 9 | 
| ed 3:1 2) 39 | | 
29 7 | 2 | 32 | 2 | 
30 ‘9 1-2 | 
31 5 2 | 6 | ‘oe 
32 | 2 mae 
33 | 1 } | l 
34 o.4 -] = 
35 ‘l ;— ‘| 
36 : = 
37 | 
| 1046-8 1047 812-0 812 


TABLE LIV(d). Distribution of Yield of 
Milk per Week for 9 and 10 Years of Age 
Bex wTams L XVI and L XV IT) 


| 1920 data 
| Yield of . a 











|milk per 9 years 10 years 
week in - ——. 
gallons | ,. | Ohser- a | Obser- | 
| lheory | vation lheory | ation | 
| | 
| 2 | }—- | - | 
10 +] | o— +] | 
| Pi ee. i. ee Ml I 
e@imi 4] &«@] (1 
3 | 45 a Ih ae 
14 | 9-2 7 | 4-8 | 6 
| 15 | 158 [ae ie: 8 
| 7 | 231 | 23 13-6 m4 
1 17 | 20-4 32 19-2 5 | 
| zw | 32-9 39 24-2 2 4 
19 | 33-2 35 27-6 33 
20 30-6 25 28-6 30 
21 26-0 31 |} 26-8 29 
| 22 20-7 14 22-7 18 
23 15-6 17 17-3 17 
24 11:1 13 11-9 9 
25 7-6 8 7-2 10 
26 51 2 3-9 4 
7 3:3 4 1-8 2 
28 2-1 l ‘7 l 
29 1-3 3 2 — 
30 S& n +] 
5 = 
3 
“2 




















Biometrika xxB 
































1920 data | 
Yield of 
milk per 7 years 8 years 
week in |—_—— ee a eee 
gallons | ,. | Obser- . | Obser- 
Theory vation Theory | vation 
| 6 | - | “ o— 
7 | ai = fe 
a a. = =: — | - 
9 : l — (a 
10 1-1 3 | — 1 
| - py 2-7 ] 3 | 1 
122 | 60 9 5 | 2 
13 12-0 9 | 47 2 
| 14 21-5 23 | 10-4 9 | 
15 | 347 340 | 18-7 4 | 
16 50-1 59 28-3 23 
17 | 64-9 58 37-6 34 | 
18 75-6 73 44-8 49 
19 79-2 87 48-6 | 
20 =| «(75-0 69 418-5 | 1 
21 64-6 | 70 448 | 49 
22 | 509 | 45 | 384 | 32 
23 36-9 Se. 1 3 Lew 
24 24-8 7 229 | 19 
25 1-6 | 17 | 159 | 20 
25 92 | 4 | 103 15 
27 |) &1 5 6-2 | 5 
wi 88. i* s | 3 
= | te} 8.5 G8 
aT = tS | = 
a .s, So l 
32 2 —_ | -] Ea 
| 33) il — | — | 
34 | - - i | = 
635-9 | 636 | 418-9 419 | 


TABLE LIV (e). Distribution . Yield of 
Milk per Week for \land 12 Years and Over 
_ Dia, 1gTams LXV Ill and L XIX) 


| 1920 data 
| Yield of - —— 7 _ a 




















milk per Ll years 12 years and over 
| week in |— . a : nel 
gallons | ,. Obser- Sa Obser- 
Pheory vation | Theory | vation 
rt 4 
| 8 | l . 
| 9 2 “2 - 
| 10 5 c i te 
| ‘9 2 8 2 
| 12 16 | l 16 | 2 
13 2-7 | ] 3-1 | 2 
14 4-3 | 4 53 | 5 
| 15 6-3 4 8-1 10 
16 8-6 9 11-3 12 
| 17 10-6 12 14-2 12 
18 12-1 17 15-9 | 13 
19 12-7 ll 16-1 17 
20 12-3 13 14-8 | 17 
21 | 11-1 9 12-5 13 
22 9-5 | 10 9-8 | 6 
23 776] 73 | 2 
24 5-9 | 3 dl 3 
25 4-4 3 3-5 4 
26 3-2 2 2-3 4 
27 2:3 - 1-4 1 
28 1-6 2 9 - 
29 1-1 3 6 : | 
30 ms 0 ae 3 - 
a] 5 | - 2 
32 3 - l - 
: 2 — 1 ] 
2 . 
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TABLE LV. Regression of Percentage 
Butter Fat on Age 
(Diagram LX XIT) 


Percentage butter fat 








QO? ate 
Age in = weed ome Lal 
yours Theory | Observation 
3 3°88 3-86 
4 3-86 3°85 
5 3°83 3°85 
6 3°81 3°82 
7 3-79 3°77 
8 3-78 3:77 
9 3-76 3:77 
10 3°75 3°74 
1] 3°75 3°76 
12 3°74 3:77 
3 3°74 3°77 
14 3°74 3-78 
15 3-74 3-70 
16 3°75 4:00 
17 3:76 3-63 
18 3°77 4-13 




















TABLE LVII. Regression of Yield 
of Butter Fat per Week on Age 
(Diagram LX XIV) 














| 1920 data 
Age & maine 
| Theory Observation | 
| 
3 6-36 6-51 
4 673 6-69 
5 7-00 7-02 
) 7-20 7-24 
7 7-33 7:26 
8 7-40 7-52 
9 7-42 7-29 
10 7-40 7:39 
11 7:35 7-45 
12 7-28 7-28 
3 7-19 7-16 
14 711 7-08 
15 7-02 7-18 
16 6-95 7-50 
17 6-91 | 6-50 
18 6-90 | 7-75 








An Investigation of the Milk Yield of Dairy Cows 


TABLE LVI. Regression of Yield 
of Milk per Week on Age 
(Diagram LX XITT) 
Yield per week 





Cr HA Go 


> 


on™ 











a) 


D> 


on 








16-41 
17-46 
18-28 
18-90 
19-34 
19-61 
19-74 
19-74 
19-65 
19-48 
19-25 


18-98 


Theory 





1920 data 





1920 data 





19-80 
19-35 
18-94 
18-60 
19-43 
19-50 
18-00 
19-00 


TABLE LVIII. Regression of Weeks 
in Milk on Age 
(Diagram LX XV) 


Weeks in milk 


| Theory | Observation 


























TABLE LIX. 


J. F. Tocuer 


Actual and Estimated Yields 











































































































| Total Total yield Difference in 
yield for lactation yield —— Pg 
No. for lac- (in gallons association ate end of lac- 
of Date of Date of | tation yk xc = us private) | fj ss “ll _| tation ac- 
.| calving Ist test F septrshierutirrcal Wee 2 
cow g (in = Sours ie oa cording to 
gallons)| Old Old New private 
private | method method | method records 
1 | 23/4/1908 2/5/1908 602-3 621-8 19-5 2/3/1909 28/2/1909 
2 9/4/1908 | 16/4/1908 805-8 810-7 + 4-9 30/3/1909 30/3/1909 
3 | 10/4/1909 | 11/5/1909 606-1 603-2 — 2-9 4/2/1910 14 2/1910 
4 | 13/4/1910 | 29/4/1910 | 625-4 | 630-6 5-2 21/2/1911 | 24/2/1911 
5 | 16/4/1909 | 11/5/1909 736-6 732-0 4-6 $/2/1910 16/2/1910 
6 9/4/1910 | 15/4/1910 786:1 787-4 + 1:3 7/2/1911 9/2/1911 
7 | 22/4/1911 1/5/1911 751-0 | 754-7 + 37 22/1/1912 | 27/1/1912 
8 | 19/4/1909 | 11/5/1909 742-1 745:1 + 3-0 15/4/1910 15/4/1910 
9 | 16/4/1910 | 29/4/1910 884-2 885-8 + 16 7/2/1911 13/2/1911 
10 | 12/4/1911 1/5/1911 | 1015-0 | 1004-2 10-8 22/1/1912 1/2/1912 
11 | 11/4/1910 | 15/4/1910 676-1 661-9 }-2 7/2/1911 10/2/1911 
12 | 14/4/1911 1/5/1911 656-7 652- - “6 18/1/1912 13/1/1912 
13 | 23/4/1910 | 29/4/1910 735-4 734 ‘9 20/3/1911 30) 3/1911 
14 | 18/4/1910 | 29/4/1910 | 827-1 | 831-2 1-4 6/1/1911 | 19/1/1911 
15 | 11/4/1911 1/5/1911 | 651-3] 659-9 8-6 19/2/1912 | 25/2/1912 
16 | 10/4/1912 | 29/4/1912 839-7 845 5-4 7/7/1913 9/7/1913 
17 9/4/1912 | 29/4/1912 809-5 799- 10-4 20/1/1913 22/1/1913 
18 | 16/4/1912 | 29/4/1912 | 739 763-0 23-7 20/1/1913 | 26/1/1913 
19 | 22/4/1909 | 27/4/1909 742- 737: 5-1 21/1/1910 29/1/1910 
20 | 15/4/1910 | 29/4/1910 786 792 5:8 24/1/1911 27/1/1911 
21 1] 1910 | 15/4/1910 827-4 | 810 17-2 23/12/1910 | 26/12/1910 
22 4/4/1911 17/4/1911 884-1 | 866 . 17-7 25/12/1911 | 30/12/1911 
23 | 30/4/1909 | 11/5/1909 | 803-3 | 795 3-6 8-2 7/1/1910 | 15/1/1910 
24 | 10/4/1910 | 15/4/1910 620-9 | 608 34 12-6 11/11/1910 | 14/11/1910 
25 | 18/4/1909 | 27/4/1909 856-5 | 850. 8 6-0 7/1 15/1/1910 
26 | 11/4/1909 | 27/4/1909 963-4 | 990-: 3 | +26-9 3/2 24/2/1910 
| 27 | 17/4/1909 | 27/4/1909 800-5 798-5 ‘6 | 2-0 2 26/2/1910 
28 | 29/4/1910 | 13/5/1910 782-4 785-0 3 2: 2 22/2/1911 
29 | 23/4/1911 1/5/1911 760-7 | 765-9 793-6 + 52 2/1$ 6/2/1912 
30 | 12/4/1912 | 15/4/1912 709-0 729-8 761-3 + 20- 1: 17/12/1912 
31 | 4/4/1911 | 17/4/1911 | 848-6 | 862-5 | 886-3 | +1: 3/1/1 9/1/1912 
32 6/4/1911 | 17/4/1911 594-5 | 605-2 | 630-8 + 10- l 14/12/1911 
33 5/4/1910 | 15/4/1910 | 1105-4 | LO89-5 1114-0 Li 6/1/1911 7/1/1911 
34) 24/4/1911 1/5/1911 770-9 | 767-2 | 793-8 20/1/1912 26/1/1912 
' 35 | 11/4/1912 | 29/4/1912 | 802-1 | 803-4 | 827-2 9/12/1912 | 16/12/1912 
Totals 127148-6 127180°3 |28053-8 31-7 
Mean 775-7 | 776-6 | 801-5 | -906 
TABLE LX. Mean Yield (in Gallons) per cow for each Fortnight 
(1) (2) | (4) | 
| Fort- | Differences Differences 
' nightly Old method | New method between between 
| interval _ ——______—_ $$  $______— (1) and (2) (3) and (4) 
Private Association Private Association | 
2nd 50-71 52-90 55-04 54-85 +2-19 - -19 
3rd 55-50 59-56 58-40 60-28 +4-06 +1-88 
4th 58-31 57-87 57-53 57-40 “44 - 13 
bth 56°54 55-65 54:25 54°36 “89 + 
6th 52-88 51-18 51-09 51-66 —1-70 + -57 
7th 49-24 49-04 47:72 48-48 -20 + 
Sth 47-16 46-28 45-69 46-37 88 4 
Ith 45-18 43-92 44-03 44-35 1-26 + 
10th 40-98 39-82 39-08 1-16 | 
11th 37-00 36-06 35:25 -94 + 
12th 33-80 33-44 32°17 36 t 
13th 32-12 31-62 31-02 -50 + 
14th 30-59 30-68 29-63 “09 +: 
15th 28-62 28-14 27-87 -48 a4 
i 16th 26-67 25-40 25-62 — 1-27 + ° 
17th 24-28 23-08 23°25 — 1-20 +: 
1 18th 22-69 21-93 22-50 -76 +> 
| 19th 20-70 19-19 20-41 -1-51 +: 
20th 17-74 16-90 18-04 “84 +: 
21st 16-84 16-12 15-52 -72 + ° 
22nd ‘95 14-13 7-16 2 —s 
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TABLE LXI 


An Investigation of the Milk Yield of Dairy Cows 


Actual Yields (from Private Records, and Estimated Yields from Association Records) 
for first fortnightly period, the start of the fortnight being taken as prescribed (1) by the 
Old Method and (2) by the New Method ecb tied 

















Private Association 
et aie °) 
| (1) (2) | (3) 
No. of \~ a aia = eo ms ie te 
dig Actual yield for lst period IE stimated yie 4d fon Ist pe os Differ rence 
3 ssi lcaeniccalieaeied = “3 ——y Ly ‘twee n 
Old n met} thod “| New method | Old me eked | Ne »w method ) and ( 
(gallons) | (gallons) | (g allons) x gallons) “| % (pallons) 
1 71 33-1 2-4 | 57-6 | + 25-3 
2 108-8 140-9 23-0 | 151-7 + 14-2 
3 710 | 982 | 961 | 117-8 + 25°] 
4 36-7 | 66-9 | 19-6 71:3 + 12-9 
5 63-4 94-6 | 162 | 97-6 | +128 
6 18-8 | 12-5 22-2 48-1 + 3-4 
7 26:5 54:8 | 35:1 62-4 + $6 
8 543 | 72-2 | 72-6 | 95-7 | +183 
| 9 26-3 | 58-8 | 44-8 69-0 + 18-5 
10 68-3 101-1 92-1 131-0 23:8 
11 o* 16-3 | 90 | 24-8 9-0 
12 48-7 66-5 | 50-1 70-8 + 14 
13 10-6 | 31-5 18-6 40-3 8-0 
14 29-0 | 57-1 | 12-9 | 70-2 13-9 
15 43-2 713 } 60-0 | 81-0 + 16-8 
16 | 54-5 H 76-7 57-0 78-0 + 2-5 
17 | 68-3 93-4 76-0 | 106-4 + 7-7 
18 | 32:2 52-6 11-6 64-0 + 9-4 
19 | 8-8 32-5 14-7 35-4. + 59 
| 38:3 | 63-5 | 50-4 75-6 412-1 
21 | 8-5 | 35:7 17-4 | 47-9 + 8-9 
22 45:2 | 73-9 47-4 73-0 + 2-2 
| 23 | 31-9 64-5 49-5 | 81-0 | + 17-6 
24 15:3 412-9 21-5 51-6 | + 6-2 
25 19-3 | 13-9 26-1 46-4 + 68 
26 | 23-4 | 19-5 45-6 | 65-6 + 22-9 
27 | 21-6 50-5 33-0 6-1 + 11-4 
28 | 42-9 68°] | 52-5 | 78:8 + 9-6 
29 | 24-1 19-5 31-6 59-3 7-5 
30 O* 19-6 | 13-5 45-0 13-5 
3 30-1 | 55-9 44-2 | 68-0 14-1] 
32 19-8 | 55:1 40-1 | 65-7 20-3 
33 26-0 52-5 35-0 19-5 9-0 
34 19-0 47-0 26-6 53-2 7-6 
35 0-2 74-4 61-2 85-0 11-0 
| Totals 1192-1 2107-5 1609-6 | 24848 
| Averages | 34-06 60-21 | 15-99 | 70-97 








3) 





Difference 
between 
(2) and (4) 
(gallons) 











woe 


! 








* Private record starts after date of Ist Association test, 
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TABLE 


mn . 
locHER 
































No | Total yield in gallons | Difference 
sNO, 


| 
= | Associ 1a- 
of | 
cow | Private Associa. | ae 
. tion he Saas Private 
1 713-3 713-3 | 0 
2 652-3 622-4 | -—29-9* 
3 595-6 596-3 | oy | 
_ 711-1 723-0 | 11-9 
5 602-3 621-8 | 19-5 
6 805:8 810-7 4-9 
7 606:1 603-2 | 2-9 
8 625-4 630-6 | + 5-2 
9 616-7 609-3 — 7-4 
10 736-6 732-0 - 4:6 
11 786-1 787-4 1:3 
12 751-0 754-7 + 3-7 
13 935-3 934-7 - 6 
14 742-1 745-1 3-0 
15 884-2 885-8 1-6 
16 1015-0 1004-2 | 10-8 
17 676-7 661-9 | 14:8 
18 656-7 35: — 46 
19 735-4 9 
20) 677-4 21-8 
21 827-1 + 4-4 
22 785-8 +10-9 
23 685-8 - 5-7 
24 767-0 24-9 
25 651-3 8-6 
26 713-7 22-0 
27 839-7 + 5:4 
28 809-9 10-4 
29 700-6 + 6-6 
30 671-0 -— 14 
31 739-3 - 23-7 
32 536-8 +31-8 
33 701-0 - 38 
34 966-4 5-6 
35 962-4 953° — $6 
36 1029-1 1022-4 - 6-7 
37 689-7 703-3 + 13-6 
38 621-4 611-3 -10-1 
39 584-0 628-4 + 44-4 
10 716-4 716-2 - 2 
41 742-5 737°4 5-1 
42 786°3 792-1 + 58 
3 827-4 810-2 —17-2 
44 884-1 866-4 —17:7 
45 996-8 1003-0 + 6-2 
46} 803-3 795-1 —- $2 
47 620-9 608-3 12-6 
48 856-5 850-5 6-0 
19 913-3 917-0 3:7 
50 899-6 ; 8-2 
51 910-4 6-9 
§2 908-2 t 6 
53 963-4 26-9 
54 800-5 2-0 
55 782-4 + 2-6 
56 760-7 5-2 





* Maximum defect. 








+ Maximum excess. 


Total yield in gallons 





















Bite von Associa- 
‘ tion 
709- ‘0 729-8 
415- 399-7 
891-3 906-4 
885-6 879-1 
848-6 862-5 
954-6 963-1 
743-6 | 736-0 
676-7 733-8 
806-7 791-4 
909-9 | 911-9 
915-5 924-5 
933-9 | 910-6 
907-9 913-5 
1009-2 1021-5 
771-4 765-2 
821-1 | 841-6 
682-3 | 695-0 
718-1 720°3 
652-4 | 652-7 
665-6 | 656-9 
5945 | 605-2 
694-6 | 751-1 
144:(0 | 736-0 
7593 | 743-9 
1042-5 1025-4 
828-7 | 828-5 
803-3 | 784-6 
1105-4 | 1089-5 
593-0 | 595-7 
1411-4 | 1415-7 
749-5 | 754-1 
903 3° 0 0 | 905-9 
. 978-5 
720-6 | 720-0 
“2 | 958-4 
786-2 | 776-8 
770-9 | 767-2 
751-7 | 752-0 
726-4 727-0 
906-4 902-7 
931-2 919-0 
846-5 840-2 
780-9 776-0 
802-1 803- 
848-1] 820-0 
1013-6 1005-4 
911-8 901-6 
882-0 | 886-9 
690-5 700-4 
712-8 726-9 
626-1 645-2 





84750-3 | 84914-1 


792-06 | 


| 











793-59 | 


Difference 
Associa- 


tion— 
Private 


20-8 


+ - 
ws 


ae hORndIdsew48 


CO Ow =I ¢ 
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! 
w 
> GS «1 oe bo 


whem weownwsa 


+9 
+ 14-1 
+ 19-1 


+ 163-8 


1-5% 








TABLE 


LXII 


An Investigation of the Milk Yield of Dairy Cows 





Actual and Estimated Yields—24 Cows (M‘Candlish and M<‘Vicar’s Data) 


(The estimated yields determined from tests every 10 days in accordance with the Association’s 











Actual and Estimated Yields— 










































TABLE LXIV 

















method.) 
Estimated Estimated 
. Actual yield Difference yield Difference 
No. yield (old method) (gallons) (new method) gallons) 
(gallons) (gallons) (gallons) 
1 702-25 706-0 + 3-75 724-0 
2 621-4 622-65 + 1-25 636-9 
3 747-1 764-85 + 17-75 785-6 
4 726-3 727-95 + 1-65 742-7 
5 528-25 §24:8 — 3-45 537-8 
6 722-75 740-75 +18-0 754-0 
7 463-2 2 481-7 18-50 506-2 
8 682-95 685-9 2:95 | 710-4 
9 403-9 414-4 10-50 430-15 
10 539-65 539-2 — 45 553-7 
11 706-1 7OL-5 — 46 724-0 
12 862-55 862-4 - “15 880-4 
3 507-45 — 6-25 §27-2 
14 ‘7 10-10 539-7 
15 7 6-7 778-0 
16 - 4-05 623-4 
17 6-7 972-0 
18 2°15 788-75 
19 —- 8-15 878-5 
20 - 31 626-3 
21 668-5 + 10-7 695-95 
22 459-65 - 14-65 461-25 
23 679-3 3-10 697-70 
24 719-4 - 16 737-3 
Rein ages | 642-8 637-3 55 661-9 | 





24 Cows (M‘Candlish and M‘Vicar’s Data) 


(The estimated yields determined from fortnightly tests in accordance with the Association’s method.) 





Averages 





Actual 
yields 
(gallons) 





668-5 














Estimated 





Estimated 





Difference | 








yields Difference yields 
(old method) (gallons) (new method) (gallons) 
(gallons) (gallons) 
692-90 9°35 718-8 i 
617-55 3°85 636-8 4 
765-4 18-3 795°5 } 
714-4 11-9 733-3 t 
503-4 24-85 525-8 - 
719-6 — 3-15 736-75 + 
482-3 + 19-1 516-6 + 
671-5 11-45 700-55 t 
410-0 6-1 435-2 + 
520-4 19-25 540-7 + 
702-1 4-0 732-9 +2 
843-45 19-1 869-0 a 
496:8 - 16-9 525-5 + 
517-25 + 1-65 S. + 2% 
750-3 — 575 + li 
591-4 — 17-55 + 
555-65 + 2-85 + 
25 — 24-6 . + 
‘7 — 62 888-65 +: 
5 - 49 634-9 + 2 
2 + 17 693-65 + 2k 
454-05 —- 56 477°5 + 
683-8 + 4:5 711-1 + 
722-6 + 3-2 747-8 + 
645- + 25 663-0 + 20-2 
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TABLE LXV. Results of Daily Records of 18 Cows and corresponding 


Association’s Estimates 














Date of : | Association’s estimate 
No. opening of Actual yield | 
record Private | Old method Difference New method Difference 

1 19/11/16 660-1 | 645-7 — 14-4 669-0 + 89 
2 1/8/15 5625 | 5948 +323 617-0 +54:5 
3 21/9/16 759-0 729-0 — 30-0 757-0 — 2-0 
4 4/1/17 572-6 | 576-1 + 3-5 599-0 + 26-4 
5 29/4/14 892-2 } 869-8 — 22-4 903-7 +11-5 
6 6/7/15 911-4 =| 944-5 +33-1 977-0 + 65-6 
7 11/9/16 855-5 855-6 + 1 888-0 +32-5 
8 7/4/14 947-9 | 934-0 -13-9 967-9 + 20-0 
9 18/7/15 1064-2 1109-5 +45:3 1147-0 +82-8 
10 6/10/16 989-1 963-7 — 25-4 1000-0 +10-9 
11 6/4/17 453-7 451-4 -— 23 475-0 +21-3 
12 6/4/16 586-1 588-1 + 2-0 611-0 + 24-9 
13 9/4/14 783°5 769-4 - 14-1 797-0 +13-5 
14 2/7/15 692-3 681-8 ~105 707-0 +147 
15 23/9/16 337°5 344-4 + 69 365-0 + 27-5 
16 20/4/16 505-6 515-4 + 98 539-0 +33-4 
17 25/11/16 697-7 658-7 — 39-0 683-0 -—14-7 
18 24/5/16 486:8 501-6 +148 521-0 + 34-2 
Averages 708-8 | 707-4 — 14 734-7 25-9 


























TABLE LXVI 

















Weeks in milk 





Percentage frequency 


1920 Ayrshires 
S.M.R. data 





0-0 
0-0 
0-0 
0-1 
0-2 
0-4 
0:7 
1-7 
3:3 
6-4 
11-9 
17-0 
19-9 
17-7 
11-5 
6-1 
2-4 
0-5 
0-2 





Interdepartmental 


11-9 
9-7 
9-5 

10-1 
78 
7-3 


5-6 








100-0 























Observed 
18-10 
19-23 
20-14 
20-36 
19-69 
21-34 
20-69 
19-63 
20-50 
21-64 
22°17 
18-90 


An Investigation of the Milk Yield of Dairy Cows 


Theory Observed 
20-04 19-53 
20-17 } 20-30 
20-30 20-38 
20°43 20-71 
20-55 20-80 
20-68 | 20-44 
IDR | 971.1¢ 
20-6) | 2 19 
20-94 | 21-05 
21-07 21-16 
21-20 | 19-57 
21-33 | 20-50 
21-52 


18-69 


TABLE LXVIII. Regression of Yield on Age (Diagram XLI A) 








Theory 


9-98 
10°16 
10-34 
10-52 
10-70 
10-88 
11-21 








TABLE 


| Weeks a 

}in milk 1 
26 8 
29 21 
32 32 
35 27 
38 23 
41 39 
44 25 
47 22 
50 11 





Totals 208 


LXIX. 





Yield per milking in pounds 


Interdepartmental 


Observed 


10°33 
10-75 

9-47 

9-88 
11-27 
11-80 
10-84 





b 


> 
dg 


S> Cr HR Oo 


on 


; 1920 A 


Theory 


| 11-84 

12-48 
13-02 
13-46 
13-80 
14-05 
14-19 
14-24 
14-19 
14-04 
13-80 
13-45 
13-01 
12-47 
11-83 
11-09 





and for each Number of Weeks Sub-range 


3 t 
43 9 
61 71 
134 119 
245 232 
240 224 
72 126 
172 65 
91 34 
59 15 
1317 915 


5 6 
28 15 
48 50 

118 97 

186 191 

228 174 

112 123 
59 47 
30 32 
0 11 

740 


9 10 
11 2 
19 19 
45 38 
95 63 
100 65 
60 37 
21 17 
10 12 
8 2 
369 255 


yrshires 


| Observed 





Number of Cows and Cell Frequencies for each Year of Age 


11 

3 160 
12 373 
26 752 
32 1346 
27 1335 
28 967 
16 514 

9 273 

3 150 








Totals | 


























Age of cows, frequency distribution of (1911 and 
1912), 117; (1920 Ayrshires) (Diagram XLII), 
167 

Age and length of lactation period (1911 and 
1912), 132; effect on correlation between quan- 
tity and quality (1911 and 1912) (Tables IX 
and X), 134 

Age and quantity of milk (1911 and 1912), regres- 
sion of (Diagrams XXXIX and XL), 159 

Age range and classes, 110 

Age variance and quantity, regression of (Diagram 
XLI), 160 

Analysis of 1908-9 data, all Ayrshires, Fenwick 
and work of Pearl and Vigor, 176 

Analysis of Monier-William’s data, 169 

Anderson, Marie H., statistical analysis, 107 


Association’s estimates of average fortnightly 
yields and actual yields (Table XL and App. 
Tables LIX, LX and Diagrams LXXXII- 


LXXXIV), 196 
Ayrshire Cattle Milk Records Committee, 106 
Ayrshire cows, analysis of data (14,416 Ayrshires), 
187 ; regressions (14,416 Ayrshires), 188 


Breeds of cows, total number of records investi- 
gated (Table II), 113 


Classification of cards, sub-ranges for each char- 
acter investigated, 110 

Classification of cows, local Recording Societies, 
108; 1911 and 1912 data, 145; 1912 data 
(Table XIII), 141; three methods of (Tables 
XVITI-XIX and Diagrams XXX-XXXIV), 145 

Collation of data, 109 

Combined data (1911 and 1912), heifers (Table 
XXIII), 154; results from, 153 

Committee’s final instructions, use of records for 
statistical analysis, 108 

Comparison between 
Records, 192 

Comparison between yield (average) per milking 
(S.M.R. data) and yield per single milking 
(Interdep.) for entire lactation period (App. 
Table LXVIII and Diagram XLI 4), 162 

Comparison ketween yield (average) per single 
milking and yield (average) per milking for 
lactation period, 161 

Constants of curves, 1911 and 1912 (Table V), 119 

Constants, values to find r,., (Table XXV), 161 


Private and Association’s 





IN DEX 


Correlations and regressions (1911 and 1912), 122 

Correlations of characters on good, intermediate 
and bad classes, 151 

Correlations, Ayrshires (Table XXXVIII), 188; 
good, intermediate and bad cows, 151; (1911 
and 1912) (Table IX), 127; (1911 and 1912 com- 
bined) (Table XXII), 154; (1912) (Table XX), 
152; (1920) (Table XXXY), 184 

Cows and heifers, percentage of (1912) (Table 
XIV), 142 


Data, collation of, 109 

Distributions, value of frequency constants of 
(1920) (Table XXTX and Diagrams XLII-XLVI), 
166 

Douglas, C. M., Auchlochan, suggested systematic 
analysis, 107 


Eckles and Palmer, Fat percentage of Jersey cows, 
113 
Esslemont, Clara, statistical analysis, 107 


Fat percentage, frequency distribution of (1911) 
(Diagram VI), 121; frequency distribution of 
(1912) (Diagram VII), 121; frequency distribu- 
tion of (1920 Ayrshires) (Diagram XLIII), 168 ; 
range and classes, 110; samples of morning and 
evening milk taken over a definite period 
(Monier- Williams) (Diagrams XLVII-LIX), 169; 
variance on quantity, regression of (1911 and 
1912) (Diagram XII, mr and tv), 125; and age, 
correlation of, J. W. Gowen, 115; and length 
of lactation period (1911 and 1912), 130; on 
Age (1911 and 1912), regression of (Diagrams 
XVI and XVII), 128; Ayrshires, regression of 
(Diagram LXXVI), 188; (1908 and 1909 Pearl, 
and 1920), regression of (Diagram LXXII), 181; 
on Lactation Period (1911 and 1912), regression 
of (Diagrams XXII and XXIII), 131; (1911 and 
1912 heifers), regression of (Diagram XXXVI), 
156; on Quantity (1911), regression of (Diagram 
X), 124; (1912), regression of (Diagram XI), 
124; (1911 and 1912 heifers), regression of 
(Diagram XXXY), 155 

Fat yield, age and length of lactation period 
(Table XII), 136; cows all the same age (1911 
and 1912), 122; good, intermediate and bad 
cows (1912) (Diagram XXIX), 143 ; good, inter- 
mediate and bad heifers (1912) (Diagram XXX), 
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143; mean production during lactation period 
(1911 and 1912) (Table XVI), 145 ; on Age (1911- 
1912), regression of (Diagrams XXVI and 
XXVII), 133-134; on Lactation Period (1911 
and 1912 heifers), regression of (Diagram 
XXXVIII), 157; per week on Age (Ayrshires), 
regression of (Diagram LXXVIII), 190, (1920), 
regression of (Diagram LXXIY), 186 

Fenwick data (Diagrams LXX and LXXI, Tables 
XXXII and XXXIV), 176 

Fortnightly yields, Association’s estimate of 
(Table XL and App. Tables LIX and LX and 
Diagrams LXXXII-I.XXXIV), 196 

Frequency distribution, age (1911 and 1912), 117; 
age (1920) (Diagram XLII), 167; fat percentage 
(1911) (Diagram VI), 121; fat percentage (1912) 
(Diagram VII), 121; fat percentage (1920 Ayr- 
shires) (Diagram XLIII), 168; fat yield for con- 
stant age and lactation period (1911 and 1912) 
(Table VII), 122; fat yield (1920 Ayrshires) 
(Diagram XLIV), 168; various characters (1911 
and 1912), 117 ; various characters (1920) (Table 
XXIX and Diagrams XLII-XLVI), 166; weeks 
in milk (1920 Ayrshires) (Diagram XLY), 168 ; 
yield of milk for different ages (1911 and 1912) 
(Table VI), 120; yield of milk for different 
ages (1920) (Diagrams LX-LXIX and Table 
XXXI), 174; yield of milk per week (1920 
Ayrshires) (Diagram XLVI), 168 


Gavin, William, Analysis of Records at Lord 
Rayleigh’s farm, Essex, 113 

Gowen, J. W., Conformation of Jersey cattle and 
its relation to milk-producing capacity, 114; 
Correlation between Fat Percentage and Age in 
Jersey cattle, 115; Memoir on Analysis of 
Records of Jersey cattle, 114 


Heifers (1911 and 1912 combined) (Table XXIII), 
154; mean yield of milk and fat (4776 Ayr- 
shires) (Table XX XIX), 190 

Highland and Agricultural Society of Scotland, 
1903: first attempt at systematic recording by, 
106 


Instructions re Analysis of 1920 Records, 8.M.R. 
Committee, 111; re sampling, 108 
Interdependence of various milk factors, 184 


Jersey cattle, conformation of, and its relation to 
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